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Description 

ANCHIMERIC RADIOMETAL CHELATING COMPOUNDS 

This invention relates generally to chelating compounds which form complexes with metais such as 
rad.onucl.de metals. Proteins such as antibodies may be radiolabeled by attaching the me al SaS 
agTnts ^ ^ Che ' atinQ Com P° unds are ^ *r Pacing radi JiagnosSlnd ^LTotherapeSS 

Radiolabeled chelating compounds are useful both as medical diagnostic and therapeutic aoents For 
example, rad.olabeled ethylenediamine tetraacetic acid (EDTA) and diethylenetriamme^^ 

m Sf™v en ; eP0rted t t0 I b ^ U ?/ U, in eVa,Uating renal functions - Kfingensmithet al TSS^SS SznSS 
10 Similarly. Kas.na et al.. J. Med. Chem. 29:1933 (1986) report promising ren al pharmaceu tics tha a7e 

~™Tr? el V ? °l N2SZ diamid ° dimerca P™es. Many other radiolabeled diagnosttocSSS have been 
reported and .nclude: tartrate and orthophosphate, Molinski et al., U.S. Patent No. 3.987 157 proovlene amine 
ZJ^TnT^ St a l- U -t- Pat6nt No " 4,615 ' 876: Po'yhydroxycarboxylic acids. Adler et S PaTnt 

is JE'fSS ° r 9 anotr '-f ^tituted trivalent phosphorus compounds. Dean et al. U.S. Patent No 4 582,7uu- 
75 b,s-th.osem.carbazone, Vedee et al.. U.S. Patent No. 4.564.472; gentisyl alcohol in combination «rfth' 

nu°c? p uT^^s 5 ^ N °- 4,2 f ^ merca P toace *<^ ^ 5 

nuci. Med. 27.111-116 (1986); mercaptocarboxylic acids. Winchell et al., US Patent No 4 233?a^ 
th.osacchandes, Kubiatowicz et al., U.S. Patent No. 4.208,398; homocysteine an5 homocystSfde 
20 SSSSTo 5^^- UA J*T N °- 4,571,43 ° : mete «^onein, y To.man, S^STSSSS 

r*™^^- SUCh cor " po " n< i s is * e bifiinctional chelating compounds, which have a functional group 
capable of b nding a metal and a functional grpup reactive with a carrier molecule. Compounds of thistle are 

^ 5 ? t,VSly '" veSt,gated Since they ^ capab,e of ^ ,inkin 9 radionuclides to target-sicif c bioloqic2 
25 molecules such as proteins, antibodies, and antibody fragments specmc Dioiogicai 

r^n^fll ma3, y,°l Specma tar9et tisSUe /n wVo with 3 radiometai-chelate-antibody conjugate was 
reported by Khaw et al.. Science 209:295 (1980). Similarly, the therapeutic use of radiometal-chela e-anflbodv 
conjugates to treat cellular disorders is disclosed by Gansow et al., U.S. Patent No 4454 106 * 
The procedure employed to insert a radiometal into a chelating compound depends on the chemistrv of the 
30 radiometal and the chemical structure of the chelating compound. A vaSety ^ orrTdTomSs^n Se 

deo^r^tf 0 ^ S J mP ' e ind biftjnctional ^'ating compounds. The part7cu°ar SiomeS sheeted 
depends on the intended application and availability, as well as other factors raoiomeiai selected 

suc^as^P^ n^^f 1° a L 6ntS are b6ta ' or Au 9 er e,ectron enters, 

sucn as "spd. niAg, ussb. 198 AUi i99 Au> 6 7 CUi ios Rn i 8 6 Re i88 Re ^ 2 i2 Bi Radiometals intended for 

£52H£g? 3gVT ^ * *T" ^ For «42S5!KSS££ 

D riorTp 0 Wnt ra »!°T me l alS described above are available in nidation states unsuitable for chelation without 
^1wT k7°' fora fmP'e. 's available as pertechnetate (Tc0 4 -) and must be reduced to a lower 

such as Sn^ e orSnnif ^ ° n .rr ° CC uJ^ * USUal,y accom P"' s n a d *W the addition of a reducing agent, 
sucn as Sn or dithionite at alkaline pH to the pertechnetate chelator mixture 

anl\T,w^ tn f/ adiom . e tal to the ultimate chelator is often facilitated by employing a labile or weak chelating 
maTbefo™^?^ * al W (1986) - tt1e 0336 ^example, an initial complex 

SoxidliTnft^ £*r u T" 2? 9,U0O , n ^ e ; ™ e "^^'"tonate complex forms quickly, thereby minimizing 
r«M 2 * * 7^ " 9 the ,n ' t,aI Tc " WCA com P' ex ^ the presence of a strong chelating agent (SCA) 

edSon S?S13S C tQ Str ° ng Che 'f I 9 a9ent in impr0V6d *** COmpa?ed to ca ^ in 9 «« «» 
reduction of pertechnetate in the presence of the strong chelator alone 

mi2?2L* * ai " B f snJ -" emato '°dy. 34:231 < 1976 ) describe the kinetic nature of the problem of transferring 

Sn a w«r n H S l° ng Che ' a ? ng Th6Se aUth ° rs demo ^rate a significantly enhanced S rate 

when a weak chelating agent, such as nitriiotriacetate, is employed. 

^hlH! need «° e " han ° e the transfer kinetics of a metal to a strong chelator is particularly important when the 
Srlh ^nH a r 3Ched t0 a £ f f 6in - F ° r eXamP ' e - Cn " dS Ct a'-. J.NucL Med. 26:293^299 (19857^^ the ra£ 
ZttZ Z • 'f \ PH u 4 ; necessar y t0 achieve adequate binding of a radiometal to the antibody-bound 
whffh the Sin t0 h ' 9h tei "P eratures or ex t remes «rf PH may denature or otherwise damage the proteinic 

SLe l2J2 ^rZTV 3 h6d - ^P' 53 ° f Weak Che,ating a 9 ents that have been used to 
facilitate transfer of metals to proteins or strong chelating agents attached thereto include the 

polyhydroxycarboxylates, glucoheptonate, Burchiel et il., J. Nucl. Med. 27:896 (1986) and ftSSate KaslnJ rt 

^^S^T^^ 269 - 71 (1986) - Strong bating agent s thai t lZ TLT^n^ ^f^t 
spec ic protems .nclude: DTP A, Childs et al. (1985); EDTA, Wieder et al. U S Patent No 4 352 751 M 9821 • 

, M h, ? n M i^ : T o• ,man, EUr ° Pean Patent A PP' ica ti°n 0137457 (1985) bis-thtosemicarb^^^^^ 

S (1986") 6 '°- ^ ,1986) U - S - Pat6nt 4,287 ' 362: and ai * mid ° d --captidTfN 2 S 

Even when a weak chelating agent is used to facilitate incorporation of a radiometal into a strong chelating 
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.omnound the kinetics are not always sufficient unless somewhat harsh conditions are employed. It is known 
SSM^SSSS^ot technetium from a Tc-tartrate complex to an antibody-N 2 S 2 conjugate is tod 
[eoSrel hS to 50° C or more for an hour to effect acceptab.e radiometa. transfer. See European Patent 
Ap Sor Publication No. 188.256. Heating to temperatures above STO often leads to aggregat.cn of 
oroteins such as antibodies, as well as nonspecific labeling of the ant.body itself 

P IcTordlngiy. a need exists for a chelating compound that can rapidly form stable chelates w,th radiometals 
at physio oScal temperatures or below. Radiolabe.ing of bifunctional chelators su.table for conjugation to 
terSet-soSc biological molecules should be possible under conditions that preserve b.olog.cal act.vrty 

ArcoK to a first aspect of the present invention there is provided a chelating compound havmg aflrst srte 
adSedlo lompte^ a SdlonucHde metal and a second site adapted to chelatewrth the radionud.de m e£ 
whTrein the implex has afaster rate of formation and a lower thermodynamic stab.lrty than the che ate so that 
wSn I radionuclide metal is attached to the compound, the complex at the first srte forms iinrt,^ an I he 
raSonuclide metal subsequently is transferred to the second site to form a stable chelate The rad.onucl.de 
melS may beTransferred to the second site by incubation, such as by heating the compound to a temperature 
of about 37° C or below after the initial complex has formed. 

° In one embodiment of the invention, the chelating compound has at its first site two £>™ 
fmm oxvoen nitroaen and phosphorous (in the form of oxides . arranged such that the atoms interact with 
S ^rSuciide' meS'to fonm ^complex. In another embodiment of the invention, the chelating compound 
the rad onuoiiae me a io k , t f donor atoms ohose n from sulfur, nitrogen, 

S3 o'xygVn^^ bands' U between each of the donor atoms and the radionuclide 

m tl P°r Jfe™ d a embo 1 dfment of the invention, donor atoms of the heteroatom chain at the second site include 
at SSTSTSJS sulfur atom and at least two nitrogen atoms, the sulfur atom be.ng positioned at one 
SrmSs of the heteroatom chain, and from six to seven carbon atoms positioned so that at least two c^bon 
atoms ie ocated between any two of the donor atoms. One chelating compound of th.s mvent.cn has two 
Seratoms and two sulfur atoms as the donor atoms. Alternatively, the chelating compound may have 
STSSTatoms and one sulfur atom as the. donor atoms at the second site. It is preferred that each su fur 
donor Som has a proactive group attached thereto. In one embodiment of the invent.cn. one or more of the 

oossesses a conlSon^roup that is capable of reacting with a protein to bind the chelat.ng compound o the 
£oS rS e ^ coSaJon gLp is attached through a spacer to any carbon or nitrogen atom of the che.at.ng 

C Tthis n s d peciflcation the term 'attached to" includes not only primary chemical bonding with distinct bonds 
be!ween Sms biS a, S o secondary bonding through chemical interactions, for example Van der Waals forces, 

hy Acco e rdi^a?oa second aspect of the present invention there is provided a kit for producing a radiolabeled 
p,!S%ffJ£5E!X compound defined above and a protein to ^ 

btabTetSr^ 

Sg»^ 

Z ^ Sonuclfde metal at the first site of the chelating compound; and, .ncubating the resulting 
• conjugated onuSde metal complex, for example at a temperature of 37°C or less, tc > 
of the radionuclide metal to the second site, thereby forming a prote.n-bound chelate of the radionuchde 
meta? The tWrd aspec encompasses an alternative method for radioiabelling a prote.n. wh.ch compnses 
S c elaSg compound' of the first aspect with a radionucHde metal to *™*^%« Q *J 
rlninnMclide metal at the first site: incubating the. complex to promote transfer of the radionuclide metal to tne 
second srte thereby foS chelate; reacting the compound with the protein thereby P»««ng * 
cherate-p otein , conjugate. It will thus be seen that thecompound may be attached to the protein to be > labeUed 
plther E for 7fter the formation of the complex and transfer of the radionuclide to form the chelate The 
££3£%Z r P re?er£7conducted at a temperature of 37'C or less The method aspect therefore 
includes a process forthe preparation of a proteinaceous complex, the method comprising: 

a) reacting a compound of the first aspect with a radionud.de metal to form a complex of the 

^jTn^ the transfer of the radionuclide metal to the second site, thereby 

forming a chelate; and 
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NR-CE-01. 

The present invention also provides a method of preparing a chelate of a radionuclide metal comprising 
reacting the radionuclide metai with the chelating compound of the first aspect to form a complex at the first 
site, then incubating the complex such as at a temperature of 37° C or less, to promote the transfer of the 
5 radionuclide metal to the second site, thereby forming the chelate. 

A fifth aspect of the present invention relates to a compound comprising a first site adapted to complex with 
a radionuclide metal and a second site adapted to chelate with the radionuclide metal, wherein the complex 
has a faster rate of formation and a lower thermodynamic stability than the chelate, such that when the 
radionuclide metal is attached to the compound, the complex at the first site is formed first before subsequent 
10 transfer of the radionuclide metal to the second site to form the chelate, for use in medicine. 

A sixth aspect of the present invention encompasses a pharmaceutical composition comprising a 
compound and a pharmaceutical^ acceptable carrier, the compound comprising a first site adapted to 
complex with a radionuclide metal and a second site adapted to chelate with the radionuclide metal, wherein 
the complex has a faster rate of formation and a lower thermodynamic stability than the chelate, such that 
75 when the radionuclide metal is attached to the compound, the complex at the first site is formed first before 
subse- quent transfer of the radionuclide metai to the second site to form the chelate. 

A seventh aspect of the present invention relates to the use of a compound comprising a first site adapted 
to complex with a radionuclide metai and a second site adapted to chelate with the radionuclide metal, wherein 
the complex has a faster rate of formation and a lower thermodynamic stability than the chelate, suchtfiat 
20 when the radionuclide metal is attached to the compound, the complex at the first site is formed first before 
subsequent transfer of the radionuclide metal to the second site to form the chelate, in the preparation of a 
diagnostic or therapeutic agent. 

An eigth aspect of the present invention relates to the use of a proteinaceous complex comprising a protein 
bound to a compound, the compound comprising a first site adapted to complex with a radionuclide metal and 
25 a second site adapted to a chelate with the radionuclide metai wherein the complex has a faster rate of 
formation and a lower thermodynamic stability than the chelate, such that when the radionuclide metal is 
attached to the compound, the complex at the first site is formed before subsequent transfer of the 
radionuclide metal, in the preparation of a diagnostic or therapeutic agent. 
A ninth aspect of the present invention relates to a process for the preparation of a compound comprising a 
30 first site adapted to complex with a radionuclide metal and a second site at which a chelate with the 
radionuclide metal is formed, wherein the complex has a faster rate of formation and a lower thermodynamic 
stability than the chelate, such that when the radionuclide metal is attached to the compound, the complex at 
the first site is formed first before subsequent transfer of the radionuclide metal to the second site to form the 
chelate, the process comprising complexing the radionuclide metal with the first site. 
35 A tenth aspect of the present invention relates to the preparation of a pharmaceutical composition 
comprising admixing a compound and a pharmaceutically acceptable carrier, the compound comprising a first 
site adapted to complex with a radionuclide metal and a second site adapted to chelate with the radionuclide 
metal, wherein the complex has a faster rate of formation and a lower thermodynamic stability than the chelate, 
such that when the radionuclide metal is attached to the compound, the complex at the first site is formed first 
40 before subsequent transfer of the radionuclide metai to the second site to form the chelate. 

An eleventh aspect of the present invention relates to a process for the preparation of a conjugate, the 
process comprising attaching a protein to a compound comprising a first site adapted to complex with a 
radionuclide metal and a second site adapted to chelate with the radionuclide metal, wherein the complex has 
- a faster rate of formation and a lower thermodynamic stability than the chelate, such that when the 
45 radionuclide metal is attached to the compound, the complex at the first site is formed first before subsequent 
transfer of the radionuclide metal to the second site to form the chelate. 

Preferred features of one aspect of the invention are as for another aspect mutatis mutandis . 
In the accompanying drawings: 

Figures 1a and 1b illustrate the pathway for the synthesis of a bifunctional diamidodimercapto 
50 anchimeric chelate; 

FIGURES 2a and 2b illustrate the pathway for the synthesis of a bifunctional amido amino dimercapto 
anchimeric chelate 

FIGURES 3a and 3b illustrate the pathway for the synthesis of a bifunctional diamino dimercapto 
anchimeric chelate 

55 FIGURES 4a and 4b illustrate the pathway for the synthesis of a bifunctional diamidodimercapto 

anchimeric chelate having an aromatic bridge. 
The novel aspects of the present invention encompass radiometal chelates useful for both diagnostic and 
• therapeutic treatment. The chelating compounds have a first site capable of rapidly forming a labile complex 
with a radionuclide metal and a second site capable of forming a stable coordinate covalent chelate with a 
60 radionuclide metal. The radionuclide metal complex that forms at the first site has a faster rate of formation but 
a lower thermodynamic stability than the radionuclide metal chelate that forms at th second site. When a 
radionuclide m tal is combined with the compound, a complex rapidly forms at the first site and the radiometal 
is thereafter transferred to the second site, thereby forming a thermo dynamically stable radiometal-ch elate 
complex. In some situations the chelating compound having first formed a complex with a radionuclide metal 
65 must be heated in order to transfer the radionuclide metal to the second site. Heating of the compound to 
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about 37° C or less generally is sufficient to transfer the radiometal from the labile first site to the 
thermodynamical!y stable second site. The temperature required to promote transfer of the metal from the first 
site to the second site will depend on such factors as the exact chemical structure of the chelating compound, 
as discussed more fully below. One advantage of compounds of the present invention is that they rapidly form 
thermodynamically stable complexes with radiometals without the necessity of heating above physiological 5 
temperatures. It is believed that these compounds exhibit this unusual property because of the neighboring 
group effect. Compounds exhibiting this effect have neighboring functional groups that participate in the 
overall reaction and exhibit more rapid kinetics than compounds without reactive neighboring functional 
groups. 

The compounds of the instant invention can be viewed as molecules having both a weak complexing site 10 
(Site 1) and a strong chelating site (Site 2) covaiently linked together. It is believed that when this compound is 
mixed with a metal M, a relatively labile complex rapidly forms according to Equation (-1) below. 

. * 15 

site 1\ * M-slte 
1. chelator + M > ^chelator 



site 2^ site 2- 



Subsequently, when sufficient heat is applied (or when incubated at room temperature in some cases), the 
weak complexing moiety of the molecule releases the metal to the strong chelating moiety, resulting in 
rearrangement of the complex according to Equation (2) below. 



M-site lv. « site 1 



2* ^chelator 2 > " ^chelator 

site 1^ M-slte 7T 
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It is unlikely that the metal is actually released into solution during the rearrangement represented by Equation 
(2) ; rather the rearrangement is likely to occur with anchimeric assistance. (See W. Page, Chem. Soc. Rev. f 2, 35 
295-323 (1973); and J. March, Advanced Organic Chemistry, McGraw-Hill, NY, 2d edition, p. 280, for 
discussions of the anchimeric assistance.) 

The functional groups present at the first site (Site 1) forming the weak complex are generally groups 
comprising two or more atoms selected from oxygen, nitrogen, or phosphorous (in the form of oxides such as 
phosphate or phosphonate). Preferred functional groups present at the first site comprise hydroxyl groups or 40 
amino groups, either alone or in conjunction with carboxyl groups. The portion of the compounds of the 
invention which functions as the first site may be selected from, for example, iminodiacetate, alkyl 
phosphonate, alkyl diphosphonate, N-glycine, aminoalkylpolyacetate, alkylhydroxycarboxylate, polyhydrox- 
yaminoaikanes, alkylaminohydroxycarboxylate, and alkyldihydroxydicarboxylate. Preferred substituents 
include substituents selected from the group consisting of polyhydroxycarboxylates, gluconate, tartrate, alkyl 45 
phosphonate, alkyl diphosphonate, gluconamide, N-gfycine, N-3-aminopropanoate, a-hydroxy acids, 
a-hydroxy-p-amino acids (e.g., a-hydroxy-p-amino propanoate), a-hydroxy-a-amino acids, deoxyamino uronic 
acids (e.g., 6-amino-6-deoxy-D-gluconic acid), P-diketones or their enol equivalents, 
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wherein R is C1-C5 lower alkyl and R17 is selected from hydrogen, lower alkyl, or R15-Z, wherein ,.Ris 
20 represents a divalent spacer and Z represents a group reactive with a protein, as described below-under 
Formula I. Other compounds having suitable functional groups to form the initial complex at the first site 
include derivatives of the above groups. 

The chelating compounds of the present invention generally contain, at the second site, a heteroatom chain 
containing at least four donor atoms chosen from sulfur, nitrogen, and oxygen. These donor atoms are capable 
25 of forming coordinate covalent bonds with a radionuclide metal so that a thermodynamically stable 
radionuclide metal-cheiate forms at the second site. It is preferred that the donor atoms include at least one 
divalent sulfur atom and at least two nitrogen atoms and that the sulfur atom is positioned at one terminus of 
the heteroatom chain. In addition to the heteroatoms, the heteroatom chain contains from 6 to 7 carbon atoms 
positioned such that at least two of the carbon atoms are interposed between any two of the donor atoms. In 
30 one embodiment of the invention, the donor atoms in the heteroatom chain are two nitrogen atoms and two 
sulfur atoms. Chelating compounds of this type are referred to hereinafter as N2S2 compounds. The sulfur 
atoms in this compound are generally divalent sulfur and the nitrogen atoms are independently either amide or 
amine nitrogen. In an alternative embodiment of the instant invention, the donor atoms in the heteroatom chain 
of the second site consist of three nitrogen atoms and one sulfur atom. Compounds of this type are referred to 
35 hereafter as N3S compounds in which the suifur atom is divalent sulfur and the nitrogen atoms are 
independently amide or amine nitrogen. 

The second site of the chelating compound is the strong chelating moiety of the molecule. Exemplary 
compounds forming strong coordinate covalent chelates ] with radionuclide metals which may be used as the 
strong chelating moiety are N2S2 compounds such as the bis(mercaptoalkanoamido)alkanoic acids. Examples 
40 of these are 2,3-dimercaptoacetamidobutanoate, and 4,5-dimercaptoacetamidopentanoate, generally referred 
to as CO2-DADS compounds, as well as 1 ,2-dithioacetamido ethane (DADS), 4,5-dithioacetamidopentanotc 
acid, and amino-amides such as 4-thioacetamido-5-thioethylaminopentanoic acid. These compounds can be 
synthesized by procedures described in Fritzberg U.S. Patent No. 4,444,690, herein incorporated by 
■ reference; European Patent Application Publication No. 188,256; and copending U.S. Patent Application Serial 
45 No. 065,017, filed June 19, 1987. Exemplary N3S compounds that form strong coordinate covalent chelates 
with radionuclide metals are mercaptoacetyiglycylgiycyl glycine {MAG3) compounds synthesized by 
procedures described in Fritzberg et al., J. Nuci. Med. 27:111-116 (1986), herein incorporated by reference, 
and European Patent Application Publication No. 173,424. Suitable MAG3 compounds include not only MAG3 
perse, but also analogous compounds in which the terminal glycine is replaced by a p, y, or 8 amino acid, for 
50 example mercaptoacetylglycylglycyl-v-aminobutyrate. 

It is preferred that each terminal sulfur atom in the heteroatom chain of the second site be conjugated with a 
protective group. The sulfur-protective groups may be varied widely, being acyl groups, thio groups or other 
compounds which provide protection ot the thio group during subsequent manipulations. The surfur-protec- 
tive groups also serve to stabilize the chelating compounds by preventing reaction of the sulfurs with groups 
55 that are part of the chelating compound itself. For example, if the protecting groups are replaced with 
hydrogens, the sulfurs may displace an active ester protein conjugation group from the chelating compound. 

Illustrative sulfur-protective groups include benzoyl, acetyl, acetamido-methyl. m- or £-phthaloyf, 
thioglycoiic, o-carboxythiophenol, ethylthiocarbonate, p-mercaptopropionic, tetrahydropyranyl, ethoxyethyl, 
suifonato, acetamido-methyl, etc. Alternatively, cyclic di- or polysutfides may be formed. Disulfides may be 
60 prepared using suifinyl halides, dinitrothiophenoxide-substituted mercaptans, with mild oxidation in the 
presence of excess of the protective group, etc. 

The protective groups may be removed in a variety of ways. Thioesters may be hydrolyzed using aqueous 
ammonia, sodium alkoxide in aikanol, or any conventional technique. Disulfides may be cleaved with 
diihiothreitol, glutathione, p-mercaptoethyiamine, or other conventional reagent Cleavage of the disulfide may 
65 occur prior to or after conjugation to the polypeptide. 
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In one embodiment of the invention, the sulfur-protecting group, when taken together with the sulfur 
atom(s) to be protected, represents a thioacetal or hemithioacetal. These sulfur-protective groups are 
displaced during the radiolabeilng reaction, conducted at acidic pH, in what is believed to be metal-assisted 
acid cleavage; and covalent bonds form between the sulfur atoms and the radionuclide metal. Advantages of 
these sulfur-protective groups include the fact that a separate step for removal of the sulfur-protective groups 
is not necessary. The radiolabeling procedure thus is simplified, which is especially advantageous when the 
chelating compounds are to be radiolabeled in a hospital laboratory shortly before use. in addition, the basic 
pH conditions and harsh conditions associated with certain known radiolabeling procedures or procedures for 
removal of other sulfur-protective groups are avoided. Thus, base-sensitive groups on the chelating 
compound survive the radiolabeling step intact. Such base-labile groups include any group which may be 
destroyed, hydrolyzed, or otherwise adversely affected by exposure to basic pH. In general, such groups 
include esters, Michael-type acceptors (e.g., maleimldes) and is othiocyanates, among others. The use of 
thioacetal or hemithioacetal protective groups, therefore, is especially advantageous when the chelating 
compound is radiolabeled prior to conjugation of the resulting chelate to a protein (the "pre-formed" 
approach, described below), since base-labile protein conjugation groups survive the radiolabeling 
procedure. Another advantage is that these protective groups (especially the hemithioacetals) are relatively 
easily displaced from the compound, so that the chelating compounds of the invention may be radiolabeled 
under physiologically acceptable conditions of pH and temperature. 

Thioacetais and hemithioacetals which may be used in the present invention include those groups which 
effectively maintain the sulfurs in a nonreactive state until the radiolabeling step, at which time the protective 
groups are displaced in the presence of the metallic radioisotope under acidic conditions. In general, the 
hemithioacetal S-protecting groups are somewhat more acid labile in the radio-labeling reaction than the 
thioacetal groups, and therefore are generally preferred. 

When hemithioacetal protective groups are used, each sulfur atom to be protected has a separate 
protective group attached to it, which, together with the sulfur atom, defines a hemithioacetal group. Preferred 
hemithioacetals generally are of the following formula, wherein the sulfur atom is a sulfur atom of the chelating 
compound, and a separate protecting group is attached to each of the sulfur atoms on the chelating 
compound: 



wherein R 3 is a lower aJkyl group, preferably of from two to five carbon atoms, and R 4 is a lower alky] group, 
preferably of from one to three carbon atoms. Alternatively, R 3 and R 4 may be taken together with the carbon 
atom and the oxygen atom shown in the formula to define a nonaromatic ring, preferably comprising from three 
to seven carbon atoms in addition to the carbon and oxygen atoms shown in the formula. R 5 represents 
hydrogen or a lower alkyl group, wherein the alkyl group preferably is of from one to three carbon atoms. 
Examples of such preferred hemithioacetals include, but are not limited to: 



OR 3 




S 



EP 0 329 481 A2 



10 



75 



20 



25 



<? 



S 
I 

Tetrahydrofuranyl- 




COOH 





Tetrahydropyranyl 



6-carboxy tetrahydropyranyl 

s 

I 

ethoxyethyl 



H 3 C S 



2- methyl tetrahydrofuranyi 
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/ 

2-methyl tetrahydropyranyl 



30 

When the chelating compound comprises two or more sulfur donor atoms, the sulfur-protective groups may 
be the same or different. In some cases, the compounds may be synthesized more easily when a different 
protective group is attached to each sulfur donor atom. For example, a chelating compound having two sulfur 
35 donor atoms may contain one hemithloacetal sulfur-protecting group and one acetamidomethyl surfur 
protecting group. 

The chelating compounds of the present invention may also contain a flexible divalent linker which connects 
the labile complexing first site to the therm o-dynamically stable chelating second site. It is preferred that the 
fiexible linker comprise from about two to about six methylene groups or equivalents comprising covalent 
40 a-bonds and may contain one or more of the following: ether, thioether amine or amide groups. Methylene 
chains or equivalents of this length are of suitable length and flexibility to allow transfer of a radionuclide metal 
from the first site to the second site via first-order kinetics characteristic of compounds exhibiting the nearest 
neighbor effect. 

The chelating compounds of the present invention can be synthesized by covalently linking compounds 

45 which form strong coordinate covalent chelates with radionuclide metals to compounds known to rapidly form 
labile complexes with radionuclide metals. Covalent linking of the compounds through the flexible divalent 
linker can be achieved by conventional procedures which will vary according to the chemical structure of the 
compounds. For example, 2,3-dimercaptoacetamidopropanoate, having the terminal sulfurs protected with 
either ethoxyethyl or acetamidomethyl, can be reacted with N-hydroxysuccinimide and N,N'-dicyclohexylcar- 

50 bodiirnide. The resulting active ester can then be reacted with 6-amino-6-deoxy-D-gluconic acid to produce 
2,3-di(S-ethoxyethyImercaptoacetamido)-propanoyl-6-amino-6-deoxy-D-gluconic acid. Other exemplary 
monofunctiona! (as opposed to Afunctional) anchimeric chelating compounds produced analogously include 
4,5-di(S-ethoxyethyfmercaptoacetamido)-pentanoyl-6-amino-6-deoxy-D-gluconic acid and 3,4-di(S-ethox~ 
yethylmercaptoacetamido)butanoyi-6-amino-6-deoxy-D-gluconlc acid. 

55 Compounds of this type are particularly useful for replacing radionuclide metal-cheiate systems that form 
highly stable complexes but with slow kinetics. These are exemplified by certain Tc and Re diamido 
dimercapto complexes in which disulfide formation, oxidation, etc., and cluster formation (Le„ one metal atom 
associated with more than one chelating compound) restricts the chelation kinetics to relatively slow rates. 
However, once formed, such complexes are particularly stable. Such complexes have found practical use as 

60 Afunctional chelates for labeling proteins (antibodies). Due to the slow kinetics of chelation, commercial 
application has been limited to the pre-formed chelate approach (described below) (see copending U.S. 
Patent Application Serial No. 065,017, filed June 19, 1987, entitled "Metal Radionuclide Lab led Proteins for 
Diagnosis and Therapy"), in which the slowness can be overcome by heating at the small molecule stage (e.g., 
at temperatures of about 75° C) to form the radiolabeled chelate, and then conjugating the chelate to the 

65 protein at room temperature. This approach is much more complex than a post-form approach (described 
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below) in which the metal specifically forms a N2S2 type chelate in a chelating compound already conjugated 
to the antibody. Successful application that avoids nonspecific, uncontrolled binding of Tc and Re to the 
protein provides a much simpler labeling and, hence, product formulation. The use of the rapid complex 
formation at the first site to bring the metal into position to accelerate N2S2 chelation provides a means to 
achieve more rapid chelation of the metal radionuclide than association with nonspecific binding sites on the 5 
antibody. 

Compounds of the first aspect are particularly useful for chelating radionuclide metals having diagnostic or 
therapeutic use. These radiometais include, but are not limited to, 99m Tc, 188 Re, 186 Re, 67 Cu, 64 Cu, 212 Pb, 
212 Bi, 105 Rd, 97 Ru, and 109 Pd. Methods for preparing these isotopes are known. Molybdenum/technetium 
generators for producing 99m Tc are commercially available. Procedures for producing 186 Re include the 10 
procedures described by Deutsch et ai M Nucl. Med. Biol. , 13:4:465-477, (1986) and Vanderheyden et al., 
Inorganic Chemistry, 24:1666-1673, (1985); and methods for production of 188 Re have been described by 
Blachot et al., Intl. J. of Applied Radiation and Isotopes, 20:467-470, (1969) and by Klofutar et al., J. of 
Radioanalytical Chem. , 5:3-10, (1970). Production of 109 Pd is described in Fawwaz et al., J. Nucl. Med. , 25:796 
(1984). Production of *™Pb and 212 Bi is described in Gansow et al., Amer. Chem. Soc. Symp. Ser. , 15 
241:215-217 (1984) and Kozah et al., Proc. Nat'L Acad. Set. USA , 83:474-478 (1986). 

One method for preparing a radionuclide metal-chelate, according to the present invention, comprises 
reacting a radionuclide metal of the type described above with the instant chelating compound to form a 
complex at the first site, essentially as depicted in Equation (1) above. The conditions suitable for carrying out 
this reaction are known to those skilled in the art and depend on both the type of radiometal to be chelated and 20 
its normal valence. For example, to prepare the technetium chelate, the chelating compounds of the instant 
invention may be combined with a pertechnetate solution in the presence of a reducing agent (e.g., stannous 
ion or dithionite under conventional conditions), whereby the technetium complex is formed at the first site as 
a stable salt. The corresponding rhenium complex may be formed by reducing perrhenate with stannous ion or 
dithionite. Site 1 complexes of 212 Pb, 212 Bi and 109 Pd may be prepared by simply combining the appropriate 25 
salt of the radionuclide metal with the chelating compound. It is not necessary to treat the lead, bismuth, 
palladium, and copper isotopes with a reducing agent prior to complexation because such isotopes are 
already in an oxidation state suitable for complexation (see for example, Fritzberg et al., (1986)). After the initial 
complex has formed, it is incubated at mild temperatures to promote transfer of the radionuclide metal to the 
s cond site, thereby forming a thermodynamically stable chelate, essentially as depicted in Equation (2) 30 
above. The preferred compounds of the present invention are those that require heating to 37° C or less to 
effect the transfer of the radiometal from the first site to the second site. 

The temperature required to promote the transfer of the radionuclide metal from the first site to the second 
site will vary according to such factors as the exact chemical structure of the chelating compound. For 
example, certain sulfur-protecting groups are displaced at lower temperatures during radiolabeling than are 35 
others. Also, slightly higher temperatures may be required to promote transfer of the radiometal when the 
chelating compound comprises one or more amide groups (i.e., a carboxyl group adjacent to a nitrogen donor 
atom, as shown below). For some chelating compounds of the present invention, incubation at room 
temperature is expected to be sufficient to promote transfer of the radionuclide metal to the second site, 
which binds the radionuclide metal in the form of a strong, stable chelate. In general, the radiolabeling reaction 40 
mixture is not cooled, but is incubated at a temperature between ambient temperature and about 37° C for a 
length of time sufficient to promote transfer of the metal to the second site, thus forming the chelate. 

Optionally, a chelating compound of the present invention additionally comprises a conjugation group that is 
capable of reacting with a protein thereby binding the chelating compound to the protein. Chelating 
compounds of this type are hereinafter referred to as bifunctional chelating compounds. The conjugation 45 
group is generally attached through a spacer group to any carbon or nitrogen atom of the chelating 
compound. A variety of functional groups suitable for conjugation to a protein in an aqueous reaction medium 
under conditions that preserve the biological activity of the protein may be employed. Among the suitable 
conjugation groups are those selected from the group consisting of esters, active esters, halomethyl ketones, 
maieimide groups, other Michael-type acceptors, amine groups, free amines, and isothiocyanate groups. 50 
Proteins contain a variety of functional groups (e.g., carboxylic acid or free amine groups) which are available 
for reaction with the protein conjugation group on the chelating compound. One or another of the groups may 
be preferred, depending upon the particular radionuclide metal, the protein, the chelating compound, and the 
conditions for conjugation. As used herein, the term "aqueous medium 0 is meant to include not only totally 
aqueous media but also mixed aqueous/organic media, wherein the organic component is present only in a 55 
relatively low concentration; i.e., a concentration low enough to minimize damage to polypeptides (e.g., 
denaturation). 

A variety of esters may be used as the protein conjugation group, including aromatic esters containing 
electron-withdrawing groups, or a-substituted methyl esters (in which the substituents are electron-withdraw- 
ing groups, such as, but not limited to, -CH 2 CN, -CH2-CO-CH2CH3 or CH2-CO-CH3). 60 

Preferred esters for use in the present invention have several structured features that impart the desired 
stability ane reactivity to the esters. For example, preferred esters should be relatively stable, especially with 
respect to hydrolysis in aqueous solutions. Chelating compounds comprising such esters may be added to 
aqueous reaction mixtures or mixed aqueous/organic reaction mixtures (i.e., for radiolabeling or for protein 
conjugation reactions) with relatively little hydrolysis of the ester group. Thus, such hydrolysis-resistant esters 65 
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are particularly useful in reactions with proteins, since such reactions preferably are conducted under aqueous 
conditions to prevent denaturation of the proteins that may occur in organic solvents. Advantageously, the 
ester is sufficiently stable to allow preparation of the chelating compound ahead of time and storage, even 
under humid conditions, until needed, with the ester group remaining substantiaily intact. 
5 The term "active ester" is known to refer to esters that are highly reactive in nucleophilic substitution 
reactions. Preferred active esters for use in the present invention are highly reactive toward groups on 
polypeptides so that the active ester-containing chelate compounds are bound to the polypeptides through 
the reaction. Reaction of an ester with a free amine group (present on lysine residues) on a protein produces 
an amide bond. These active esters comprise leaving groups (i.e., the -OR 7 portion of an ester R-CO-OR') that 
10 are sufficiently electron-withdrawing to increase the susceptibility of the carbonyl to attack by nucleophilic 
groups on the protein. The kinetics of the reaction preferably are such that the ester reacts quickly with 
nucleophilic groups on the polypeptide. Thus, the free unreacted ester groups, potentially susceptible to 
hydrolysis (especially if the reaction is conducted at a basic pH), are subjected to the aqueous reaction 
conditions for only a short time. Hydrolysis of the ester, therefore, is further minimized, and a relatively high 
15 ratio of the desired reaction to hydrolysis of the ester results. 

Common esters that find use are the o- and p-nitrophenyl, 2-chloro-4-nitro-phenyl, cyanomethyi, 
2-mercaptopyridyl, hydroxybenztriazole, N-hydroxy-succinimide, trichlorophenyl, tetrafluorophenyl, 2-fluoro- 
phenyl, 4-fluorophenyl, 2,4-difluoro phenyl, o-nitro-p-sulfophenyl, N-hydroxyphthalimide, N,N-diethylamino, 
N-hydroxypyrrolidone, tetrafluorothiophenyl, and equivalents. For the most part, the esters will be activated 
20 phenols, particularly nitro-activated phenols and cyclic compounds based on hydroxyiamine. As other 
hydroxylic compounds become available, these also may find use in this invention. 

Especially good results are achieved by using a 2.3,5,6-tetrafluorophenyl ester, which is an active ester 
having the above-described properties of stability and high reactivity. Another ester group exhibiting high 
reactivity toward proteins is a thiophenyi ester. 
25 The use of esters comprising nitro groups may be disadvantageous in certain circumstances. For example, 
the nitro group may be reduced by stannous ion that may be present when the stannous ion is added as a 
pertechnetate or perrhenate reducing agent, as described above. 

Alternatively, the protein and/or chelating compound may be derivatized to expose or attach additional 
reactive functional groups. The derivatization may involve attachment of any of a number of linker molecules 
30 such as those available from Pierce Chemical Company, Rockford, Illinois. (See the Pierce 1986-87 General 
Catalog, pages 313-354.) Alternatively, derivatization may involve chemical treatment of the protein, e.g., glycol 
cleavage of the sugar moiety of a glycoprotein antibody with periodate to generate free aldehyde groups. The 
free aldehyde groups on the antibody may be reacted with free amine or hydrazine groups on the chelating 
compound to bind the agent thereto. (See U.S. Patent No. 4,671,958.) Procedures for generation of free 
35 sulfhydryl groups on antibodies or antibody fragments also are known. The sulfhydryl groups are reactive with 
maleimide and amino groups. (See U.S. Patent No. 4,659,839.) 

The protein to which the chelating compound is to be attached may be varied widely, depending upon the 
nature of the use of the radionuclide metal. In general, the protein delivers the chelated radionuclide to a 
desired target site in vivo. Suitable proteins include, but are not limited to, receptors, hormones, lymphoklnes, 
40 growth factors, substrates, and particularly compounds binding to surface membrane receptors, where the 
complex may remain bound to the surface or become endocytosed. Among receptors are surface membrane 
receptors, antibodies (including monoclanol antibodies) enzymes, naturally occurring receptors, lectins, and 
the like. Of particular interest are immunoglobulins or their equivalent, which may be whole antibodies or 
fragments thereof, e.g.; Fab, Fab', F(ab'h or F v fragments, or T-cell receptors, etc. As used herein, the term 
45 "protein" includes polypeptides, proteins, or fragments thereof. These proteins and polypeptides may be 
modified, provided the biological activity necessary for the intended diagnostic or therapeutic application of 
the radiolabeled polypeptide is retained. For example, a modified antibody or fragment thereof may be used as 
long as binding to the desired antigen still occurs. The amino acid sequence of a protein may be varied (e.g., by 
known mutation techniques or deletion of portions thereof) as long as the desired biological activity (e.g., 
50 binding of the protein to specific target cells, tissues, or organs) is retained. Methods of modifying proteins 
also may include, among others, attachment of bifunctional linker compounds that react with both a group on a 
protein and with the Z group on the chelating compounds, thereby binding the chelating compound to the 
protein through the linking compound. The protein may be purified from a natural source or may be synthetic 
(e.g., produced by recombinant DNA technology or chemical synthesis procedures). 
55 Proteins that bind to the desired target site are said to be "target specific. " For example, antibodies that 
bind to a particular antigen are said to be target specific for that antigen. It is to be understood that such 
proteins or antibodies are rarely 1000/o specific for a target site, and a certain degree of cross-reactivity with 
other tissues is common. An example of a target site is a cancer cell. Many antigens associated with various 
types of cancer cells have been identified, and monoclonal antibodies specific for a number of these cancer 
60 cell-associated antigens also are known. Among the many such monoclonal antibodies which may be used are 
anti-TAC. or other interleukin 2 receptor antibodies; 9.257 and NR-ML-05 to the 250 kiiodalton human 
melanoma-associated proteoglycan; NR-LU-10 to 37-40 kiiodalton pancarclnoma glycoprotein; NR-CO-02 to 
carcinoembryonic antigen (CEA) and colon carcinoma; NR-CE-01 to CEA; and OVB3 to an as yet unidentified 
cancer-associated antigen. Antibodies derived through genetic engineering or protein engineering may be 
65 employed as well. Such antibodies are examples of the many target specific proteins suitable for use in 
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accordance with the present invention. 
Preferred chelating compounds of the present invention are represented by the general structural Formula I. 

Formula I 



Rio 1 10 
\ J CH) " / 

r 7 ~4 — n n — e— R2 is 

Ri-(CH) n \, f( (CH)„-Ri 

20 



25 



30 





Wherein: 

1) a) T represents a sulphur-protecting group; 
b) Ro represents S-T, a carboxylic oxygen or 



1 



c) Each of the R group designated R1 to R11 independently represents COOH, R14, R15-Z, or any two of 

the R groups, when bonded to the same carbon atom, may be taken together to form an oxo group, with 40 
the provisos that: 

i) R7 an Ra taken together, and R9 and R10 taken together, are not both simultaneously oxo; 

ii) Rj> and R3 taken together, and R4 and R 5 taken together, are not both simultaneously oxo; 

iii) R4, Rs, R9 and R10 may ail betaken together to form a hydrocarbon ring (e.g. phenyl); 

iv) R6 represents a hydrogen atom when either R2 and R3 or R4 an Rs represent an oxo group; 45 

v) Ri 1 represents a hydrogen atom when either R7 and Rs or R9 and R10 represent an oxo group; 

vi) Each of R7, Re, R9 and R10 independently represents a hydrogen atom when Rn is R15-Z or 
Rie; 

vil) each of R2, R3, R4 and R5 independently represents a hydrogen atom when Rs is R15-Z or R16; 

viii) R6 and Ri 1 cannot both be COOH; 50 

d) each of R12 and R13 either (1) independently represents R14 or R15-2 when Ro is either S-T or 



^ 55 



< 1 • 

"'I 



so 

or (2) when taken together form an oxo group when Ro is either 



65 
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carboxylic oxygen or 




with the proviso that when R12 and R 13 are oxo and Ro is 




and one of these two R1 groups is R15-Z or R16, the other R1 group represents a hydrogen atom; 

e) R14 represents a hydrogen atom, lower alkyl group or R16; 

f) n is 0 or 1 provided that n equals 1 not more than once ; 

g) R15 is a divalent spacer which is a substituted or unsubstituted lower alkyl group which may 
additionally comprise one or more of the groups -0-, -NH-, -NR-, -CO-, -CO 2, -C0NH-, -S-. -SO-, -S0 2 -, 
-CO2NH-, and -SO2NR-, where R represents a C1-C3 alkyl group; 

h) Z is a functional group suitable for reacting with a protein, protein fragment, or polypeptide under 
conditions that preserve biological activity of the protein, protein fragment, or polypeptide; 

2) the compound comprises at least one substituent R15-Z; and 

3) at least one of the groups R1 to R14 is a substituent Rie having the general formula: 

— (X) p -Q 

wherein : 

a) one or more R17 groups are bonded to any carbon or nitrogen atom on the compound and represent 
a hydrogen atom, lower alkyl group or R15-Z; 

b) X represents a radical which is fully substituted carbon, nitrogen, oxygen, sp 2 or sp carbon atom, or 
amide or imide nitrogen; 

c) p represents an integer which is 2, 3, 4, 5 or 6 provided that: 

i) when p is 2 or 3, X represents a fully substitued carbon atom;. 

ii) when p is 4, X represents a fully substituted carbon, nitrogen, or oxygen atom, further provided 
that at least three radicals X each represent a fully substitued carbon atom; 

iii) when p is 5 or 6, at least three radicals X each represent a fully substituted carbon atom and 
further provided that only one radical X may be an sp 2 or sp carbon, amide or imide nitrogen atom; 
and 

d) Q represents the first site. 

Unless the context dictates otherwise, "loweraikyl" is to be interpreted as meaning a straight chain or 
branched C1-8 alkyl group. 

In compounds of the type represented by Formula I, Q may be selected from among the compounds and 
structures described above as being suitable for use as the first site, i.e., the weak complexing moiety of the 
chelating compound of the invention. The substituent R15-Z is present when the chelating compound is to be 
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attached to a protein. The Z group may be chosen from the protein conjugation groups described above. 

The chelating compounds represented by Formula I comprise, at the second site, a heteroatom chain 
containing four donor atoms chosen from sulfur, oxygen, and nitrogen. Two of the donor atoms are nitrogen, 
independently either amino or amido. One of the donor atoms positioned at one end of the heteroatom chain is 
sulfur, and the other donor atom, located at the other end of the heteroatom chain, is either carboxylic oxygen, 5 
sulfur, or amino nitrogen. Accordingly, the compounds represented by Formula I are referred to by their donor 
atom composition at the second site; namely, N2SC N2S2, and N3S, respectively. 

In addition to the donor atoms, there are 6 or 7 carbon atoms in the heteroatom chain that comprises the 
second site. The carbon atoms are positioned so that at least two carbon interpose between any two donor 
atoms of the heteroatom chain. When two carbon atoms are positioned between two donor atoms, they, 10 
together with a radionuclide metal, define a 5-member ring in a portion of the heteroatom chain. Five-member 
rings are preferred at the second site because this planar structure allows formation of the most stable chelate 
with a radionuclide metal. Accordingly, the most preferred chelate compound represented by Formula I is 
produced when n equals zero in each case or the heteroatom chain comprises a total of 6 carbon atoms. This 
embodiment produces a particularly stable chelating compound in which the heteroatom chain, together with 15 
the radionuclide metal, defines three 5-membered rings. 

Suitable chelating compounds are obtained when n equals 1 in Formula I, provided that n equals 1 only once 
or the heteroatom chain comprises a total of 7 carbon atoms. In this embodiment, two donor atoms are 
separated by three carbon atoms that, when taken together with the radionuclide metal, defines a 6-member 
ring in a portion of the heteroatom chain. Accordingly, when four donor atoms and seven carbon atoms 20 
comprise the heteroatom chain of the second site, these atoms, together with the radionuclide metal, define 
two 5-membered rings and one 6-membered ring. Chelating compounds of the type represented by Formula I, 
containing more than one 6-member ring at the second site, are generally not suitably stable unless donor 
atoms at the first site also participate in chelation of the radionuclide metal. 

The chelating compounds represented by Formula I have a flexible divalent linking group that links the first 25 
site with the second site. This linking group, defined as {X) p in Formula I, may be from about 2 to 6 methylene 
equivalents in length and must possess sufficient flexibility to allow intramolecular transfer of a radionuclide 
metal from the first site to the second site by heating to 37° C or less. Accordingly, when p in Formula I is 2 or 3, 
radical X must be fully substituted carbon, nonlimiting examples of which are: -CH2-CH2- 
and - CH2-CH2-CH2-. The hydrogens of these exemplary compounds may be independently substituted with 30 
other groups, provided the carbon atoms remain fully substituted. 

When p is 4, X must be fully substituted carbon, nitrogen, or oxygen, provided at least three radicals X are 
fully substituted carbon. Nonlimiting examples of these are: -CH2-CH2-CH2-CH2-, -CH2-O-CH2-CH2-, and 
-CH2-CH2-NH-CH2-. Fully substituted oxygen and nitrogen may be located in any position in these exemplary 
compounds and, as above, the hydrogens may be independently substituted with other groups, provided that 35 
radical X remains fully substituted. 

When p is 5 or 6, at least 3 radicals X must be fully substituted carbon. The other radicals may be fully 
substituted carbon, nitrogen, or oxygen, and one of the other radicals may be sp 2 or sp carbon, amide or imide 
nitrogen. Nonlimiting examples of these are: -CH2-CH2-CH2-CH2-CH 2 -, -CH2-CH2-CH2-CH2-CH2-CH2-, 
-CH2-NH-CH2-CH2-CH2-, CH2-CH2-NH-CO-CH2-CH2-, -CH2-NH-NH-CO-CH2-, and -CH2-O-CH2-NH-CO- 40 
CH2-. The carbons, nitrogens, and oxygens may be located at any position in these exemplary compounds 
and, as above, the hydrogens may be independently substituted with other groups, provided that only one 
radical X is sp 2 or sp carbon, amide or imide nitrogen. 

Compounds of the type described above and represented by Formula 1 can be prepared by procedures 
described in the examples. One of ordinary skill, upon reading the examples and examining the structure 45 
' represented by formula f, will be able to synthesize the plurality of compounds represented by Formula I by 
substituting appropriate reagents in the reaction schemes provided. 

Examples of Afunctional compounds of the instant invention suitable for conjugation to a protein comprise 
those compounds represented by Formulae II-XIV. 
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50 

Wherein the symbols T, R 0 , Ri, R6. Rii, R12. R13. and n are described for formula I above, with the proviso 
that: 

(a) each compound comprises at least one substituent R15-Z and one substituent R16; 

(b) when R6 is R16 or R15-Z, each R1 group attached to a carbon atom adjacent to -N-Rs is hydrogen; 
55 (c) whenRn is R16 or Ris-Z f each R1 group attached to a carbon atom adjacent to -N-Rn is hydrogen. 

Compounds of the type represented by Formulae ll-IV include diamidodimercapto chelates, representative 
examples of which include S-l-ethoxyethylmercaptoacetyl-Y-fS.S^.e.-tetrafluorophenoxyJ-L-glutamyl-a-S- 
acetamidomethyl-L-cysteinyl-6-amino-6-deoxy-D-gluconic acid. Compounds of the type represented by 
Formulae VMX include monoamino monoamido mercaptides, repr sentative examples of which include 
60 4-N-(S-1-ethoxyethylmercaptoacetyl)-5-N'-(isothiocyanatophenethyl)-N'-p-(S-1-ethoxyethyl)mercaptoethyl- 
diaminopentanoyI-6'-amino-6'-deoxy-D-giuconic acid. Compounds of the type represented by Formula X 
include diamine mercaptides. representative examples of which include 4-N-methyl-N-p-(S-1-ethox- 
yethyl)mercaptoethyl-5-N'-(p^sothiocyar>atoph 

noyI-6'-amino-6'-deoxy-D-gluconic acid. Preferred compounds of the type represented by Formulae Xl-XlVare 
65 N2S2 chelates containing an aromatic bridge, representative examples of which include 3-(fM-ethox- 
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^thy|)- a cetamido^-N-(P-1-ethoxyethyl)ethyI,N-(N'.N'-dicarboxyn le thyl)-aminoethyl phenylisothiocyanate. 
The chemical structure of one preferred compound of the instant invention is represented by Formula XV: 




OH 

OH 



.'. .1 OH HO ff 



H HO 



5 



10 



XV 



wherein Z represents an active ester group or an isothiocyanate group 

r™ ^!! n lf° mPOUnd ^ ° f thS ? pe re P resented b V Formulae l-XV are useful for radiolabeling proteins 
Generally two approaches may be employed to radiolabel proteins with the bifunctional chelati n ragents 

fhrn?! ^ V?' T ^ flrSt TT* ' S referred *° 33 the post - form "PP""* and is depicted in Equations (S 
through (5) below. The method of radiolabeling a protein such as an antibody, according to this approach 
cons,sts of first reacting the bifunctional chelating compound with the antlboJy, thereby fan^a d£3ta 
compound-antibody conjugate, then admixing the conjugate with the radionuclide metal 3?r cSSXS 
suitable for formmg a radionuclide metal^heiate-antibody complex in which the radiometal is complexed to 
the first weak b.nding site of the chelate. This complex is then incubated at about 37°C or beloTcaSnq 

!^ 0 e e h re f ra " gement of J the C ° mpleX SUCh that the metal is transferred to the thermodynamic^? 
stable second s.te. thereby producing a stable radionuclide metal-chelate bound to an antibody 
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Post-Form Approach 
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One advantage of employing compounds of the instant invention when used in the post-form approach is 
that high yields of a thermodynamically stable chelated radionuclide metal can be achieved under conditions 

35 that preserve biological activity of the protein. The observation that the stable chelate can be formed at 
temperatures less than 37° C greatly enhances the preservation of biological activity of the antibody by 
avoiding denaturation and aggregation. Prior art methods for forming thermodynamically stable metai-chelate 
complexes conjugated to proteins often require the addition of a weak or labile chelating agent to facilitate 
transfer of the radiometal to the chelate-antibody complex. Even when this strategy is employed, heating to 

40 from 50° to 75° C or more is required to transfer the metal to the chelate antibody complex, resulting in 
significant loss of biological activity of the antibody. 

Another advantage of employing compounds of the instant invention is that less nonspecific binding of the 
radionuclide metal to the protein itself occurs. Nonspecific binding is undesirable because the radionuclide 
metal may attach to a weak radionuclide metal chelating site on the antibody perse resulting in loss of the label 

45 during administration to the patient. In the instant invention, the first complexing site of the chelating 
compound "out-competes" nonspecific binding sites for the radionuclide metal on the antibody. The complex 
so formed then transfers the radiometal to the strong chelating site (during incubation at room temperature or 
with the application of heat) obviating the problem of nonspecific binding. 



Pre-Form Approach 



The Afunctional chelating compounds of the instant invention are also suitable for use for radiolabeling 
proteins according to the pre-form approach. This approach is represented by Formulae 6, 7, and 8 below. The 

55 method for radiolabeling proteins, such as antibodies according to this approach, consists of first reacting the 
radionuclide metal with the chelating compound of the instant invention under conditions where the 
radionuclide metal rapidly forms a complex at the first weak binding site of the chelating compound. The 
conditions necessary to form this complex are essentially the same as those described above for the 
post-form approach. Th complex so formed may then be incubated at the appropriate temperature, causing 

60 an intramolecular rearrangement such that the radionuclide metal ultimately resides at the second site of the 
chelating compound, thereby forming a stable radionuclide metal-cheiate. This stable radionuclide 
metal-chelate is then admixed with the antibody under conditions suitable for conjugation, resulting in a 
thermodynamically stable radionuclide metal-chelate-antibody conjugate. 

65 
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temperature compared to most prior art compounds. This obviates the neoeS o? heSnX^eUi chetete 
react™ mixture to elevated temperatures (e.g., on the order of 75' C). This is ^^^v^Sa KSS 
heating may decompose reactive conjugation groups, such as active esters; Michael-type acceSoS . « 

^Zt^r^ ha,id€S: isothioc y anates - '"Nation at temperatures betwS Z^pS, 
and about 37°C is more conven.ent in hospital or clinical laboratories. In addition comoounds of thT^nt 

2T£2F2SXi£ ZEST n9 re ""°"' -"^^^SSLSSSS 

The specific methods for binding a radionuclide metal to the antibody via either the ore-formed «r 

wtb the -"fducing agent in a reaction mixture which also comprises a chelating compound 

Sum to to SEEST? - If qUi ?' y b ° U ^ ln the f ° rm ° f a Comp,ex befor * the radionuolidl metK 
return to its oxidized state. An alternative procedure which may be used when a particular chelatino comoound 
(or a protein attached thereto) may be adversely affected by contact wW. Se reducino aaent Zo^« 
preparation of an initial exchange comp.ex. The exchange complex is Spared ^ rS^JSS^S^i 
-perrhenate ,n the presence of a separate oomplexing molecule (e.g., stannous glSo^ff«£^SSS,« 
crtrate for i« „., to form »™T 0 .g llJconate Qf is 8Re * citrate Sp^l^^^T^e e^Soe 

complex ,S contacted with a cheiating compound of this invention, whereupon the radionuoJde mSs 
transferred to the first site, and ultimately becomes chelated at the second site rad '° nuc " de metal ,s 
norm».^1? ^ d,onuc ' ide metal-chelate-protein conjugates will be administered to the mammalian host 
nt^7J^TfT'^ ei l 0USly ' intraarterial, y- PeritoneaJly. intratumorally, or the like, dep^ndS upon°he 
parftcular site at wh.ch the radionuclide metal is desired. Generally, from about 0.1 to 2 ml will be infected into 

human ISZZZT PU ' PC ?* Up ° n the Size ° f the host - with ^out 0.001 To 50 uOVkg 322 For 

wZT^rJ d ?!, a9e W " U l Ua " y be ab ° Ut 10 - 50 mCi/70 ka "ost. more usually about 25-35 Xtahart 
IS 9 rad>°n"clide metal-chelate-protein conjugates are to be injected into the bloodstream of a human 
ma™ ° iUme may bS ,arger: e a - 20 to 30 mL administered by intravenous SfusL For iS 

5^uCNs ( LmiS; ^ 1 10 50 UCi iS administered fo r biodistribution studies, while up "o or greSe ttan 
SniuStL Snf h f ° r ? a9,n9 StUdieS - After ad ™™stration of the radionuclide metal-chelate-proTein 
Kl«r " 9 UP ^ ' tS PUrpOSei the h ° St ma y be treated in vari °"S ways for detection or theraov 
me^L ofdetectin^th™ radionuc " de metal-chelate-protein conjugates of the invention thus p Sa 
oeneS !n ? the P? sence or absence of a particular target site within a human or mammalian host In 
E' a S " C i conjugate ,s administered to the host, and the biodistribution of the *»Tc Is ^tected after 
riS*! predetermined ,e "9* of time to allow accumulation of the compound at the targer s 7te The 
^^"K va -T ac ^ rd inS to the protein component of the Conjugate another JctlJ 
in ISm afTnnf^ 7? o 3 1 L aphy f iGal haSfAife of 6 hours. Whole immunog.obulins have a otologic^ hSSS 
m serum of approx.mately 24 hours (wide range), and thus the clearance of Relabeled antibodrfrom the 
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circulation is slow compared to the physical half-life of »Tc. A «"Tc-labeled F(ab') 2 fragment has a shorter 
circulation time (T 1/2 9-20 hours) than whole immunoglobulin, which is more compatible witn tumor 
localization and background clearance for the »Tc-labeled antibody fragment to provide sufficient 
tumonbackground ratios to image lesions successfully. Smaller fragments such as Fab', Fab, and F v have 

5 shorter circulation times (T 1 /2 less than 1 80 minutes) that are more compatible with the physical T 1 12 of Tc 
and are thus preferred for imaging applications. Choice of molecular species of antibody for imaging with other 
radionuclide metals will similarly depend on the relationship of the physical half-life of the radionuclide metals 
and the circulation time of the molecular species of antibody. 

Choice of molecular species of antibody for therapy applications of radionuclide metals is more complex. In 

10 addition to physical and biological half-lives, residence time of the labeled antibody in the tumor, energy of the 
emission, and contribution of total body to specific organ dose are critical issues that dictate the optimal size 
of antibody or fragment. With monoclonal antibodies, the particular antibody will also be a factor influencing 
the choice. 

i 88 Re has a 17-hour physical half-life, for which F(ab')2 and Fab antibody fragments have suitable serum 

15 half-lives for tumor localization and background clearance. The '"Re-labeled Fab would be expected to cause 
less toxicity to the bone marrow, but it will usually have a shorter residence time in tumor due to the lower 
affinity of univalent compared to bivalent fragments. A i»8Re-labeled Fab fragment with a suitable high affinity 
to maximize tumor residence of the delivered counts is especially useful. 

iseRe has a 3.67 day physical half-life. It can be used with whole antibody or F(ab')2 or smaller fragments 

20 thereof. Because the beta energies are decreased compared to 1 88 Re, the labeled antibody will need to have a 
longer residence time in the tumor. 

10S Pd has a half-life of 14 hours. Antibody fragments, as opposed to whole antibodies, are expected to 
generally be most suitable for radiolabeling in accordance with the invention. 

2i2 Pb nas a physical half-life of 10.8 hours. Fab', Fab, or F v fragments radiolabeled with 212 Pb would provide 

25 the greatest tumor uptake and background clearance in that period. 2i2pb decays to which has an alpha 
emission with a physical half-life of 60 minutes. 21231 itself is not a feasible label unless compartmental 
administration (e.g., intraperitoneaJ) is used. 2 i2pb will transmute to 2i2 B i in situ, and it is necessary to use a 
ligand that can withstand the recoil from B-decay. 
67 Cu has a physical half-life of 2.44 days. In general, whole antibodies or F(ab')2 fragments thereof are most 

30 suitable for radiolabeling with this isotope for therapeutic use. 

Delivery of the radionuclide metal-chelate-antibody conjugate may occur intravenously or by intraperitoneal, 
intralymphatic, intrathecal, or other intracavitary routes. Advantageously, an unlabeled (nonradiolabeled) 
antibody reactive with the same epitope as a radiolabeled antibody of the invention is administered prior to 
administration of the radionlabeled antibody, as described in copending U.S. Patent Application Serial 

35 No 917 176 filed October 9, 1986, entitled "Methods for Improved Targeting of Antibody, Antibody Fragments, 
and Conjugates Thereof." The nonradiolabeled antibody functions as an "unlabeled specific blocker" to 
decrease binding of the later-administered radiolabeled antibody to cross-reactive sites that may be present 
on nontarget tissue. Blocking of such cross-reactive sites is important because antibodies generally have 
some cross-reactivity with tissues other than a particular target tissue. In the case of antibodies directed again 

40 tumor-specific antigens, for example, virtually all such antibodies have some cross-reactivity with normal (i.e., 
nontumor) tissues, with the exception of anti-idiotypes to B-cell lymphoma. 

The unlabeled (cold) specific blocker protein advantageously is administered from about 5 minutes to about 
48 hours most preferably from about 5 minutes to about 30 minutes, prior to administration of the radionuclide 
- metaf-chelate-protein conjugate. The length of time may vary according ton such factors as the nature of the 

45 antibody "and the relative accessibility of target sites versus cross-reactive binding sites. The unlabeled 
specific blocker and the radionuclide metal-chelate-antibody conjugate may be the same (except for the 
radiolabeling) or different, as long as both recognize the same epitope. In one embodiment of the invention, 
the unlabeled specific blocker is a bivalent form of an antibody (e.g., a whole antibody or a F(ab ) 2 fragment 
thereof) and the radiolabeled polypeptide is a monovalent fragment of the same antibody (e.g., a Fab'. Fab or 

50 Fv fragment). Use of a bivalent form of an antibody as the cold specific blocker and a monovalent form for the 
radiolabeled antibody has the advantage of minimizing displacement of the blocker from cross-reactive sites 
by the later administered radiolabeled antibody due to the greater affinity of the bivalent form. The unlabeled 
specific blocker polypeptide is administered in an amount effective in binding with (blocking) at least a portion 
of the cross-reactive binding sites in a patient. Thus, binding of a radiolabeled polypeptide to cross-reactive 

55 binding sites may be reduced, thereby improving diagnostic imaging of target sites and, in general, reducing 
somewhat the amount of radiolabeled antibody to be administered. The amount may vary according to such 
factors as the size of the patient and the nature of the polypeptide. In general, about 5 mg or more of the 
unlabeled specific blocker is administered to a human. 

Advantageously, a second antibody, termed an "irrelevant- antibody, is also administered to a patient prior 

60 to administration of the radiolabeled polypeptide, as described in U.S. Patent Application Serial No 917 176. 
The irrelevant antibody Is an antibody that does not bind to sites within the patient by a specific (e.g., 
antigen-binding) mechanism but which may bind to target and nontarget sites through nonspecific 
mechanisms (e.g., adsorption or binding of th Fc portion of the irrelevant antibody to Fc rec ptors on c lis in 
the reticuloendotheial system). The irrelevant antibody blocks certain nontarget sites in a patient and thus 
65 decreases nonspecific binding of the radiolabeled polypeptide to these nontarget sites. Diagnostic imaging of 
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target sites thus may be improved, and the amount of radiolabeled antibody to be administered may be 
somewhat reduced. For example, prior administrations of an irrelevant antibody that is not specific for any 
human tissues, as far as is known, effectively reduced the nonspecific uptake of whole and F(ab')2 
radiolabeled antibody into liver and spleen in human patients. 

The irrelevant antibody advantageously is administered from 5 minutes to 48 hours, most preferably from 15 
minutes to one hour, prior to administration of the radiolabeled polypeptide. The length of time may vary 
according to such factors as the nature of the antibody. Many suitable antibodies that may be used as the 
irrelevant antibody are known. For example, there are many known antibodies that are not specific for any 
human tissues that may be used as the irrelevant antibody. In one embodiment of the invention, a murine 
monoclonal antibody to a B-cell lymphoma idiotype (i.e., specific only for the lymphoma ceils of one individual 
human) is administered as the irrelevant polypeptide. In one embodiment of the invention, the irrelevant 
polypeptide is a whole antibody or a F(ab')2 fragment thereof. The irrelevant polypeptide is administered in an 
amount effective in blocking at least a portion of the sites at which nonspecific binding (Le., binding through 
nonspecific mechanisms) of the radiolabeled polypeptide occurs in the absence of the irrelevant polypeptide. 
The amount may vary according to such factors as the nature of the polypeptides and the size of the patient In 
general, about 15 mg or more (preferably less than 200 mg) of the irrelevant antibody is administered. 

The present invention also includes a kit for producing radionuclide metal-chelate-protein conjugates 
comprising a bifunctional chelating compound of the instant invention, and a protein to be radiolabeled The 
protein may be any of the above-described proteins which, in radiolabeled form, have diagnostic or therapeutic 
applications. In one embodiment of the invention, the protein of the instant kit Is an antibody, preferably a 
monoclonal antibody such as a monoclonal antibody specific for cancer cells. In an alternative embodiment of 
the present invention, the kit includes a protein having a chelating compound of the invention conjugated 
thereto. 

Reagents useful in reactions to radiolabel the chelating compound with a radionuclide metal and to 
conjugate the chelate compound to the polypeptide according to either the pre-form or post-form approach 
may also be included. Such kits also may comprise a means for purifying the radiolabeled polypeptide from the 
reaction mixture, as well as specific instructions for producing the radiolabeled polypeptide using the kit 
components. Such kits generally will be used in hospitals, clinics, or other medical facilities. Since such 
facilities generally have ready access on a daily basis to radionuclide metals, such as isotopes of technetium, 
and since isotopes of rhenium, lead, bismuth, palladium, and copper may be prepared as described above! 
inclusion of the radionuclide metal in the kit is optional. Exclusion of the radionuclide metal permits storage of 
the kit, whereas kits containing the radionuclide metal (either as a separate component or as the radiolabeled 
chelate compound) would have to be used within a narrow time frame (depending on the half-life of the 
particular isotope); otherwise, radioactive decay of the radioisotope would diminish the effectiveness of the 
diagnostic or therapeutic technique for which the radiolabeled protein is used. For 186 Re, on-site radiolabeling 
would avoid radiolytic degradation of the labeled antibody due to the beta particle emission. 

The kits may be diagnostic or therapeutic kits, depending on which radioisotope is used for labeling the 
chelating agent. When the radionuclide metal is to be reduced to a lower oxidation state (e.g., technetium and 
rhenium, as discussed above), the kits may additionally comprise a reducing agent effective in reducing a 
particular radionuclide metal, to be chelated by the chelating compound, to an oxidation state at which a 
complex of the radionuclide metal-chelate may be formed. 

The bifunctional chelating compounds may be radiolabeled with a radionuclide metal prior to or after 
conjugation to a protein. A kit suitable for use in the pre-formed approach preferably includes a bifunctional 
chelating compound comprising sulfur-protecting groups and a protein in separate containers. A kit suitable 
for use in the post-form approach may contain the bifunctional chelating compound and the protein in 
separate containers, for conjugation at a later time, or the chelating compound may already be conjugated to a 
protein. The term "separate containers" as used herein is meant to include not only separate, individual 
containers (e.g., vials) but also physically separate compartments within the same container. Bifunctional 
chelating compounds of the instant invention are preferably already conjugated to a protein. 

In accordance with one embodiment of the invention, a diagnostic kit suitable for use according to the 
post-form approach comprises the following reagents (in separate containers unless otherwise noted), 
presented in the general order or use. 

1 . A reducing agent effective in reducing pertechnetate ( 99m Tc0 4 -) to a lower oxidation state at a neutral 
to acidic pH so that a technetium-chelate complex can be formed. Many suitable reducing agents are 
known, including but not limited to, stannous ion, (e.g., in the form of stannous salts, such as stannous 
chloride or stannous fluoride), metallic tin, formamidine sulfinic acid, ferric chloride, ferrous sulfate, 
ferrous ascorbate, and alkali salts of borohydride. Preferred reducing agents are stannous salts. 

2. A chelating compound of the invention conjugated to a protein or fragment thereof specific for the 
desired target organ, tissue, antigen, or other target site within a mammalian body, as discussed above. 

3. Means for purifying the desired radionuclide metal-chelate-protein conjugate from the reaction 
mixture. Any suitable known protein purification technique may be used that effectively separates the 
desired radiolabeled protein conjugate from other compounds in the reaction mixture. The purification 
step may, for example, separate the desired conjugate from impurities due to differences in size or in 
electrical charge. One suitable purification method involves column chromatography, using, for example, 
an anion exchange column or a gel permeation column. Good results are also achieved by column 
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chromatography using an anion exchange column, e.g., a quaternary aminoethyl Sephadex (QAE-Sepha- 
dex) column or a diethylaminoethyl Ssphadex (DEAE-Sephadex) column. Since virtually all the impurities 
to be removed (e.g., sodium pertechnetate and technetium dioxide), are negatively charged, they are 
substantially retained on the positively charged column. Purification thus may be accomplished by this 
5 one-step column procedure. 

4. Additional reagents for use in radiolabeiing the protein-chelate conjugate (e.g., the buffers, alcohols, 
acidifying solutions, and other such reagents, as described below) are generally available in medical 
facilities and thus are optional components of the kit. However, these reagents preferably are included in 
the kit to ensure that reagents of sufficient purity and sterility are used because the resulting radionuclide 

10 metal-chelate-protein conjugates are to be administered to mammals, including humans, for medical 

purposes. 

5. Optionally, a container of a polypeptide to be administered in nonradiolabeled.form to a human or 
mammal is included in the kit. This polypeptide is reactive with essentially the same target site as the 
polypeptide to be radiolabeled and reduces binding of the radiolabeled polypeptide to cross-reactive 

75 binding sites on nontarget tissues. The two polypeptides may be the same, or the polypeptide to be 

radiolabeled may, for example, be a fragment of the polypeptide that is to be administered In 
nonradiolabeied form. The latter polypeptide is administered as an unlabeled specific blocker (prior to 
administration of the radiolabeled polypeptide) in an amount effective in improving diagnostic imaging of 
the desired target sites (e.g., tumors) , as described above. 

20 6. Optionally, the kit also comprises a container of a polypeptide that does not bind through specific 

mechanisms to sites within the human or mammal to which the radiolabeled polypeptide is to be 
administered. This polypeptide is administered as an "irrelevant" polypeptide (prior to administration of 
the radiolabeled polypeptide) in an amount effective in decreasing nonspecific uptake of certain 
radiolabeled polypeptides, as described above. 

25 The following specific examples are intended to illustrate more fully the nature of the present invention 
without acting in any way to limit its scope. 
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Synthesis of a diamidodfmercapto Afunctional anchimeric chelate 

35 

N_(s-i-ethoxyethylmerraptoacetyl)-y^ 
nyl-6-amino-6-deoxy-D-gluconic acid 
The following synthesis is best understood by referring to FIGURES 1a and 1b. 

40 N-(t-butoxycarbonyl)-Y'(t-butoxy)-L-glutamyl-S-acetamidomethyhL-cysteine 3: 

A solution of S-(acetamidomethyl)-L-cysteine (2 mmol) 1 in 10 mL of anhydrous dimethyiformamide 
containing 4-dimethyIaminopyridine (2 mmol) is cooled in an salt-ice bath to between 0° and -5°C. To this 
solution is added previously cooled isobutylchloroformate (2 mmol), and the solution is incubated at this 
" temperature for another 30 minutes. A solution of N-(t-butoxycarbonyl)-L-glutamic acid-y-butyl ester 2 (2 
45 mmol) in 5 mL of dimethyiformamide is added at such a rate that the temperature of the reaction mixture does 
not exceed 0 C C. 

The mixture is kept at this temperature for another 1 hour and allowed to come to room temperature. The 
solution is extracted with 2 x 20 mL of methylene chloride and dried over anhydrous sodium sulfate. 
Evaporation and crystallization give the dipeptide derivative 3. 

50 

N-(t-butoxycarbonyl)-Y-(t-butoxy)-L-glutamy^ 
acjdS : 

(i) A solution of 3 (1 mmol) in 10 mL of anhydrous tetrahydrofuran is stirred with 1.1 mmol of 
55 N-hydroxysuccinimide and 1.1 mmol of N,N'-dicyctohexylcarbodiimide. After stirring overnight the 

precipitated dicyclohexylurea is filtered and the filtrate is evaporated to dryness. The residue is dissolved 
in 20-25 mL of ethyi acetate and washed with water, and the organic layer is dried over anhydrous sodium 
sulfate. Evaporation and crystallization give the succinimidate ester as a solid. 

(ii) To a solution of the above ester (1 mmol) in a mixture of 1 :1 acetonitrilerwater, 6-amino-6-deoxy- 
60 D-gluconic acid 4 (prepared from 1 ,2-O-isopropylidine-a-D-glucopyranose according to the procedure of 

K. Kefurt et. al.. Collection Czecholslov. Chem. Comm ., 44, 2526 (1979)) is added, and the mixture is 
stirred for 6 hours at room temperature. The product 5 is isolated by evaporation followed by flash 
chromatography over silica gel. 

65 
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m L°JLw L ° f a S ° lution pontainino 1 mmol of the above acid 5, anhydrous dimethylformamide, and 1 mmol of 
N-methylmorpholtne ma.nta.ned atO°- 5 °G. 1 mmol of isobutylchloroformate is added, and the mbrt urete keot 
a th.s temperature for 20 minutes. To this solution is added a solution of 1 mmol of trimethylsSSnoMn 5 S 

SouraUh^ 7 m T f f {P r iOUSly CO ° ,ed t0 bCtWeen °° and - 5 ° C )- — th. soLJn iSred oM 
hour at his temperature and allowed to come to room temperature. The solvent is removed in vacuo and the 

[rS! ? ed in 20mL of ethyl acetate and washed with water - The ££££££2 



'^f cetam.domethyl-L-cy S te.nyl-6- a m.n o -6-deoxv-D-Qluconic acid trimethvlsilvlethvl ester 7- 
J^tfJ 1 ""ff ' 5 d ', ssolved in 5 ° f anh ydrous trifluoroacetic acid (previously cooled to 0"C) 
a ^,fir /u 3 i?° UrS - ™ e solut,on is aHowed to come to room temperature and is evaporated />> vacuo 
Tr.turat.on wrth ether yields the amino acid 7 as the trifluoroacetate salt. 

N-(S-1-Ethoxyethylmerraptoac^^^ 

conic acid trimethylsilyiethyl ester 9: " 1 1 y ^ 

Sl a | 6 M M S Pr T^ d by firSt P re P arin 9 S-(1-ethoxyethyl)mercaptoacetic acid 16 (as described below) 
n 15 1 rn' n th °^n hy > m e rca P toace « c «cid (5.76 g, 35.1 mmol) is combined with N-hydroxysucc nimide 4^5 
fpf ITT ' « K °, ^ ° f anhydrous THR To this is added a solution of 1 .3^icycloherylcarbodS (1 70 q 
42.1 mmol) ,n 65 mL of anhydrous THF. The mixture is stirred at room temperature for 2 hours or unwi TLC 
conSnt^t H ateS com P |eteformati ° n ° f succinimidyi ester. The mixture is then filterL ^dthe Ete S 
"l^ U V° 3 Vls , c ° us u residue - The residue is dissolved in ethyl acetate, washed with wa^rine 
SSiSS ^ff- Rem ° Val ? the S °' Vent leaves the crude succinimidyi ester as an oil. whicTte further 
punfled by flash chromatography on silica gel. using ethyl acetate:hexanes as the column eluant to give 5 1 q 25 
of S-1-ethoxyethylmercaptoacetic acid succinimidyi ester 8 as a colorless oil 

mm^i a J°«l t 5 0n ^ f 7 (1 ^T 0l) in 10 mL ° f a""^™ 3 dimethylformamide containing 1 mmol of triethylamine 1 
mmol of S-(1-etho X yethyl)mercaptoacetic acid succinimldate ester 8 Is added and the solution is stirred for 
three hours at ambient temperature. The solvent is removed *, vacuo, and the res due is tfssoSe 7n etK 
acetate and washed with water. The organic layer is dried and evaporated, and the product is P urified by X 30 
chromatography to give the product 9. p oyrasn jo 

teinyl-6-amino-6-deoxy-D-gluconic acid trimethylsilyiethyl ester 10- 2 

HwlLSS^i*!! £ T?° m b ° f anh y drous tetrahydrofuran. 2.3.5.6,-tetrafluorophenol and 

° 5 r V lca r bod " m,de ,s added - solution is stirred for 10-12 hours at room temperature. The 

precipitated d.cyclohexylurea is filtered, and the solvent is removed by evaporation under reduced pressure 
The residue is dissolved in 20-30 mL of ethyl acetate and washed with water. The organic layer is dried and 
evaporated, and the product 10 is isolated by flash chromatography over silica gel 

nToCLm^ 

To a solution of 1 mmol of 10 in 10 mil of anhydrous tetrahydrofuran, 3 mL of 1M tetra-n-butylammonium 

l^ZT^ T the r l f™ iS Smed f ° r 6 " 8 h ° UrS at ambient temperature. The solem^ 
evaporation, and the product 11 is isolated by flash chromatography. 



EXAMPLE II 



J2r£!^ acid-y-methyl ester 12 is prepared from L-giutamic acid- r -methyl 

ester according to the procedure of R.K. Olsen and T. Emery., J. Org. Che m 49-3527 (1984) 
mrnnifj f k ^° ,utlo + n + of u bo ^ne :THF (0.68 mL, 0.68 mmol) was added to a solution of 12 (143 mg. 0.55 
mmol) in anhydrous tetrahydrofuran (0.68 mL). The reaction solution was stirred at ambien temperature 
for one hour and then quenched by the addition of 10 mL of methanol. The reaction solution was th en 
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Synthesis of an amino amido dimercapto Afunctional anchimeric chelate 

toethy|.diaminopentanoyl-6^amino-6'-deoxy-D-gluconic acid einoxyeinyijmercap- 55 

The following synthesis is best understood by referring to FIGURES 2a and 2b. 

N-t-Butoxycarbonyl-P-carbomethoxyethyl aziridine 15: 



60 
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evaporated to give an oil (160 mg). The oi! was dissolved in 70 mL of ethyl acetate and washed with 
saturated NaHC03 (2 x 30 mL). The organic layer was dried over anhydrous MgSCU and evaporated in 
vacuo to give 13 as a colorless oil (120 mg, 88%). 

(iii) p-Toluenesulphonyl chloride (0.85 g, 4.45 mmol) was added to an ice cold (0° -5°C) solution of 13 
(1.00 g, 4.05 mmol) in pyridine (8 mL). The reaction solution was stirred at this temperature overnight The 
reaction solution was diluted with methylene chloride (80 mL) and washed with pH 4.0 buffer (3 x 70 mL) t 
then with saturated bicarbonate (40 mL). The organic extract was repeatedly evaporated from toluene (to 
azeotrope the pyridine), giving the tosylate 14 as a brown viscous oil that was used in the next step 
without further purification. 

(iv) A solution of the tosylate 14 (1.38 g) in anhydrous dimethytformamide (3.0 mL) was added to a 
suspension of NaH (95 mg, 3.78 mmol) in DMF (1.5 mL). The reaction mixture was stirred for 1 hour, 
diluted with water (40 mL), and extracted with methylene chloride (3 x 40 mL). The combined methylene 
chloride extracts were dried (MgS04) and evaporated to give a yellow oil (0.66 g). The oil was purified by 
flash chromatography over silica gel (1 :1 ethyl acetate :hexanes) to give 15 as a paie yellow oil. 

(S-1-^thoxyethyl)-N-(p-nitrophenethyl)mercaptoethylamine 19: 

(i) S-(1-ethoxyethyl)mercaptoacetic acid 16 was prepared according to the following procedure: A 
solution of mercaptoacetic acid (17.4 mL, 250 mmol) in 125 mL of dichloromethane containing 
p-toluenesulfonic acid monohydrate (0.24 g, 1.26 mmol) was cooled to -18 to -25°C with stirring. Ethyl 
vinyl ether (23.9 mL, 250 mmol) in 125 mL of dichloromethane was added dropwise to the cold solution 
over a period of 90 minutes. The stirring was continued for an additional 30 minutes, with the temperature 
maintained in the -18 to -25°C range. Then 200 mL of pH 7 phosphate buffer was added, and the reaction 
mixture was allowed to warm with stirring for 10 to 15 minutes, the mixture was then poured into a flask 
containing 900 mL of ethyl acetate and 200 mL of water. Layers were separated, and the aqueous portion 
extracted twice with ethyl acetate. The organic layers were combined, washed with brine, and dried 
(MgS04). Removal of the solvent left 31 .4 g of S-(l-ethoxyethyl) mercaptoacetic acid 16 as a colorless oil 
(770/o yield): 1 H NMR (CDC1 3 ) 1.15(t,J=7.0Hz,3H), 1.52(d,J = 6.4Hz,3H), 3.36(s,2H), 3.60(m,2H), 
4.84(q,J = 6.4Hz, 1 H), 1 1 .65(s,1 H). The material was used without further purification. 

(ii) To a solution of 3.07 g of 16 in 65 mL of anhydrous tetrahydrofuran (kept at 0°C) 93.5 mL of 
borane:THF complex (1M) was added slowly. The mixture was stirred for 7.5 hours in a nitrogen 
atmosphere at 0°C. Approximately 500 mL of water was added slowly to the reaction mixture and stirred 
for 15 minutes. The mixture was concentrated under vacuum at 40-50° C and the aqueous residue was 
extracted with ethyl acetate. The ethyl acetate layer was washed with 50 mL of 10% Na2C03. The aqueous 
layer was washed again with 2 x 25 mL of ethyl acetate. The combined organic layers were washed with 
brine, dried, filtered, and evaporated to give 1 .7 g of an oil. The oil was purified in an HPLC to give 1 .34 g of 
17 as a colorless oil. 

(iii) To a solution of 17 (1 mmol) in 5 mL of methylene chloride containing 1 mmol of triethyiamine 
maintained at 0°C was added methanesulfonyl chloride (1 mmol). The solution was stirred for one hour at 
this temperature. The mesylate 18 was unstable and hence the amidation was carried out without 
isolation. 

To the above solution 1 . 1 mmol of p-nitrophenethy lamine is added. The solution is stirred at this temperature 
for two hours and allowed to come to ambient temperature. After stirring overnight at room temperature, the 
solution is diluted with saturated bicarbonate and extracted with methylene chloride. The combined organic 
extracts are washed with brine, dried over anhydrous mgS04, and evaporated to give 19 as a viscous oil, which 
Is purified by flash chromatography over silica gel. 

4-N-(t-butoxycarbonyl)-5-N / -(p-nito acid 
21: 

(i) To a solution of N-t-butoxycarbonyl-p-carbomethoxyethyl aziridine 15 (1 mmol) in anhydrous 
tetrahydrofuran (5 mL), is added S-ethoxyethyl-N-(p-nitrophenethyl)mercaptoethylamine 19, and the 
mixture is refluxed for 6-8 hours. The solvent is removed in vacuo, and the product 20 
4-N-(t-butoxycarbonyl)-5-N , -(p-nitrophenethyl)-N'-p-(S-ethoxyethyl)-mercaptoethyl-diaminopentanoic 
acid methyl ester is used in the next step without further purification. 

(ii) To a solution of the above compound (1 mmol in 5 mL of methanol), 0.7 mL of 2N NaOH is added, 
and the mixture is stirred overnight at room temperature. The solution is concentrated to a small volume 
and acidified to pH 2-3 with 0.5N HCl. The precipitated solid 21 is collected by filtration and purified by 
flash chromatography over silica gel and crystallization. 

4-N-(t-butoxycarbonyl)-5-NMp-nitrophenethyQ 
^-amino-e'-deoxy-D-gluconic acid 23: 

(i) A solution of 21 (1 mmol) in 15 mL of anhydrous tetrahydrofuran is stirred with 1.1 mmol of 
N-hydroxysuccinimide and 1.1 mmol of N,N'-dicycIohexy!carbodiimide. After stirring overnight at room 
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SS^^SSSSSS SO,id J s «' tered «d the solution evaporated. The residue is dissolved in 2 x 
Jcl^rnl^ mL- acetonitnlenvater (4:1, to 

iA^S isazkJtS, inS5; r ^ b ^ u ;r^ nin9 , triethy,amine (s mmo,) - 

evaporated, and the res/due is crystallized Tend ^S^^i^S^aT^^^ ^ '* 
dried with anhydrous Na 2 S0 4 . and evaporated to ^^tSSS^^SS^^^ 

celite. and the filtrate is evaporated to give the ^^^TSSiSS^?!^? thr ° U9h 
phenethyl)-N^-(S- 1 -ethoxyethyl)mercaptoethyl-diamino P ent^o^ 

lyl-6 -^-"^fo^luconrc acid as an oil. which is ufed in the" ne5 step JEJSSSSSS^ 
crystallization give the isothiocyanate 25 as a solid. W3ter Eva P orat, °n and 

chromatography to give a pure product 26. PUnf,ed by P^P 8 **"* Hquid 



EXAMPLE III 



Synthesis of a diamine dimercapto Afunctional anchimeric chelate 



30 



35 



40 



45 



50 



The following synthesis is best understood by referring to FIGURES 3a and 3b. 
N-Methvl-B-carbomethoxyethyl aziridine 31: 55 
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37-40°C After 24 hours at room temperature, the mixture is filtered and evaporated to dryness. The 
residue is dissolved in CH 2 C! 2 , washed with water, dried, and evaporated to give 28 (N-t-butoxycarbonyl- 
N-methyl-L-glutamicacid-(a-trimethyisiiylester)-Y-methyl ester). 

(iii) A solution of 28 (2 mmol) in 10 mL of anhydrous tetrahydrofuran is stirred with 5 mL of 1M 
5 tetra-n-butylammonium fluoride for six hours. The solvent is removed, and the residue is washed with 

water dried and evaporated to give N-t-butoxycarbonyl-N-methyl-L-glutamic acid-y-methyl ester. This 
compound is converted to the product 4-(t-butoxycarbonyl-methylamino)-4-(hydroxyrnethyl)-butanoic 
acid methyl ester 29 in a procedure similar to the one described for the conversion of 12 to 13. 

(iv) A solution of 1 mmol of 29 (4-(t-butoxycarbonyl-methylamino)-4-(hydroxymethyl)-butanoic acid 
10 methyl ester) is stirred with 5 mL of anhydrous trifluoroacetic acid for two hours and evaporated to 

dryness. The residue is triturated with ether to give the trifluoroacetate salt 4-(methyIamino}-4-(hydroxy- 
methyD-butanoic acid methyl ester 30. 

(v) A solution of 30 (1 mmol) in anhydrous tetrahydrofuran is treated with pyridine S0 3 - complex [1.1 
mmol) to give the O-suIfonate of 30. After TLC shows the disappearance of the starting matenal, the 

15 solution is heated to boiling overnight to give the product 31 (N-methyl-p-carbomethoxy ethyl azmdine), 

which is recovered by removal of the solvent. 

4-N-methyl-5-N'-(p-nit^ methyl ester 

32 This compound is prepared from 31 and 19 (S-1-ethoxyethyl-N-(p-nitrophen ethyl) mercaptoethylamine) in a 
procedure similar to the one described earlier for the preparation of 20 from 15 and 19. 

4-N-methyl-N-g-(S-1-ethoxyethyl)m^ 
toethyi-diaminopentanoic acid succinimidate ester 34: 

(i) A mixture of 32 and 18 (S-ethoxyethyl-p-mercaptoethanol mesylate) (EXAMPLE II) in equtmoiar 
amounts are heated in 10 mL of anhydrous tetrahydrofuran for six hours. The solvent is removed /n vacuo 
and the residue is dissolved in ethyl acetate and washed with water. The organic layer is dried ^and 
evaporated to give 33, 4-N-methyl-N-p-{S-1-ethoxyethyl)mercaptoethy!-5-N'-(p-nitrophenethy!)-N -p- 
30 fS-1-ethoxvethyl)mercaptoethyl-diaminopentanoic acid methyl ester . 

fii) The above methyl ester 33 is hydrolyzed to the free acid 34 (4-N-*nethyl-N-p -(S-l-ethoxyethyl)mer- 
captoethyl-5-N'-{p-nrtrophenethyl)-N'-p-(S-1-ethoxyethyl)mercaptoethyl diaminopentano.c acid) in a 
similar procedure described earlier for the conversion of 20 to 21 (see EXAMPLE II) . 

(iii) The free acid 34 is converted to the succinimidate ester 35 {4-N-methyl-N-p-{S-1.ethoxyethyi)mer ; 
captoethyl-5-N'-(p-nitrophenethyl)-N'-P-(S-ethoxyethyl)mercaptoethyl diaminopentanoic acid succ.m- 
midate ester) in a similar procedure described for the conversion of 21 to 22 (see EXAMPLE II). 

A-M.m^hyUN-RWS-1-emox ve^ 

toethvi-diaminope ntanoyl^^ - r 

Compound 35 is converted to 36 in two successive steps in a procedure similar to the one described earlier 

for the conversion of 22 to 24 (see EXAMPLE II). 

4-N-mgthv1-N-fWS-1- emoxvemvnme 
• vethvl)mercaptoethvl-di^^ 

45 Compound 36 is converted to 37 in two successive steps in a procedure similar to the one described earlier 
for the conversion of 24 to 25 (see EXAMPLE II). 

4-N-methyl-N-B-(S-1^thoxyethyl^ 

50 vethyl)me rcaptoethyl-diaminopentanoyl^'-amino-6'- deoxy-D-gluconic acid 38: 

Deprotection of 37 to the tar get compound 38 is achieved by stirring the compound (1 mmol) in 10 mL 
acetonitriie containing 2 mL of 1N hydrochloric acid for 2-3 hours. Evaporation of the solvent followed by 
purification by HPLC yields the product 38 in a pure state. 
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55 



EXAMPLE IV 



Synthesis of a diamidodimercapto afunctional anchimeric chelate having an aromatic bridge 
60 S-fP-S-ethoxyethyD-acetamido^-N-ethoxyethyDethyl-N^N'.N'-dicarboxymethyD-aminoethyl 

phenylisothiocyanate 
The following synthesis is best understood by referring to FIGURES 4a and 4b. 
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S-1-ethoxy ethyl-N-p-dimethoxyethyl-mercaptoethylamine 39: 

A solution of S-ethoxyethyl-O-mesyl-mercaptoethanol 18 (1 mmol) (see EXAMPLE II for procedure) is 
stirred with ammoacetaldehyde dimethyl acetal at ambient temperature for 5-6 hours. The solution is diluted 
with saturated bicarbonate, extracted with methylene chloride. The combined organic extracts are washed 

S fl^rchrTmatoJra^y S ° diUm SU ' fate " *"* eVap ° rated V3CU ° t0 giVe 39 - wnicn is P urified b V si "ca 

3-(p-S-1-ethoxyethyl)-acetamido-4-chloronitrobenzene 41: 

<; M!^hoiwh,n f 2 "° hl T - 4 - n » roan » ine 40 < 1 mmol > ^ ™ of anhydrous dimethylformamide, 1.1 mmol of 
S-(1-ethoxyethyl)mercaptoacet.c acid succinimidate ester 8 (see EXAMPLE I) is added, and the mixture is 
stirred for 6-8 hours at ambient temperature. The solvent is removed in vacuo, and water is add™ to the 
residue. The mixture s extracted with ethyl acetate, washed with water, dried over anhydrous sodium sulfate 
and evaporated to give 41. 1 

3-(p-S-1-ethoxy e thyl)-acetamido-4-N-(B-S-1-etho x yethvl)ethvl-N-(P,3-dimethoxv)-ethvl nitroh en^n* 42: 

*3L££Z!?i r * t T > V amixture of 3-(t3-S-eth o X yethyl)-acetamido-4-chloronitrobenzene 4 1 and 
S-ethoxyethyl-N-p-dimethoxyethyl-mercaptoethylamine 39 heated in a mixture of anhydrous dimethylforma- 
mide for a period of 4-5 hours. The solvent is removed in vacuo and the residue is suspended in water The 
solution is rendered alkaline with 1N sodium bicarbonate and extracted with methylene chloride The oraanic 
layer is dried with anhydrous sodium sulfate and evaporated to give the product 42. i 

(i) The above product (1 mmol) is treated with 5 mL of glacial acetic acid containing 1 mL 2 HCI and ?s 
t,Z* T m ifT^K UrS f ° r T 4 " 5 h ° UrS and eva P° ra ted to dryness. The residue is dissolved7n eSS 
ac f.^i e K a " d was , ned Wltn water - The or 3^ic layer is dried and evaporated to give the formyl intermediate 

(ii) The formyl intermediate is dissolved in 10 mL of anhydrous tetrahydrofuran and cooled to 0°C To 
this is added a solution of an equimolar amount of iminodiacetic acid dimethyl ester in tetrahydrofuran 

After strnng for 30 minutes at this temperature, 3-5 equivalents of sodium cyanoborohydride is added in 30 
portions. The mixture is stirred for another 2 hours and allowed to come to room temperature The solvent 
is removed in vacuo, and the residue is dissolved in ethyl acetate. The organic layer is washed with water 
dried, evaporated, and purified by silica gel chromatography to give product 43. 

3-(p-S-ethoxyethyl)-acetamido ^^ 

nitrobenzene 44: — 

A solution of 43 (1 mmol) is dissolved in 2 mL of ethanol and 3 mL of 1N NaOH and stirred at room 
temperature overnight. The solution is evaporated under reduced pressure and redissolved in 5 mL of water 
and acidified with 1N HCI to pH 3-4. The precipitated solid is filtered and dried to give 44. 

3-(p-S-ethoxyethyl)-acetamid^^ an jlj ne 45. 

The reduction is carried out according to the procedure described in EXA MPLE II (reduction of 2S to the 
corresponding amino compound). 

3-(P-S-ethoxyethyl)-acetamido-4-N^ 

phenylisothiocyanate 46: " — " — 

cv^md^T compo u und is converted to the isothiocyanate in a procedure similar to that described in 
EXAMPLE II using thiocarbonyidiimidazole. 



EXAMPLE V 
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55 



Conjugation of radiolabeled chelate and chelating compound and radiolabeling with isotopes 
Sgm?n b ts) n9 ^ ° he ' ating com P ounds *•» < a > ""Tc and (b) ™»«Re and conjugation with antibody (and 

, 1 °°_f L u solution containing 5 mg of sodium gluconate and 0.1 mg of SnCI 2 in water, 500 uL of 
"Tc04-(pertechnetate) , s added. After incubation at room temperature for 10 minutes to form 60 
Tc-gluconate complex. 100 u.g of a chelating compound (dissolved in i-propanol:acetic acid 9010 a 1 
mg/mL solution) 80 pL of 0.2 N HCI, and 200 u.L of i-propanol are added, in that order. The chelating 
compound may be one of the four chelating compounds 11, 26, 38, or 46 prepared in EXAMPLES I to IV 
above. The reaction mixture is heated to 37°C for 15 minutes, then cooled in ice for 5 minutes To the 
above chelate. 100 jiL of bicarbonate buffer is added, so that the pH of the solution is about 6.0. Next 400 65 
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llL of an antibody (or fragment. (5 mg/mL)) is added in the same buffer. The antibody is a monoclonal 
antibody {or fragments thereof) designated as NR-ML-05 (specific for melanoma ceils), NR-LU-10 (a 
pancarcinoma monoclonal antibody), NR-CO-02 (specific for carcinoembryonic antigen (CEA) and colon 
carcinoma), or NR-CE-01 (anti-CEA). The reaction mixtures are incubated at room temperature for -J-1 

5 hour as necessary. ITLC procedure ( Nuclear Medicine Technology and Techniques , ed. Bernier, D., 

Longan, J., and Wells, L, The C. V. Mosby Co., St. Louis, MO, (1981); pp. 172-174) using 12<YoTCAis used 
to determine the percentage of chelate attached to the protein. 

(b) The 188 Re chelate of the ligand is prepared in a similar procedure. Sodium perrhenate (3 mL, 15 
mCi, produced from a i fl8 W/ 188 Re generator) is added to a vial containing a lyophilized mixture 

10 comprising citric acid, 75 mg; stannous chloride, 0.75 mg; gentisic acid, 0.25 mg; and lactose, 100 mg. 

The vial is agitated gently to mix the contents, then incubated at room temperature for 10 minutes to form 
a i88Re-citrate complex. To a separate vial containing the 0.50 mg of the chelating agent, 0.50 mL of 
i-propanol is added and the vial is agitated for 2 minutes to completely dissolve the compound. Then 0.3 
mL of this solution is transferred to the vial containing the Re-citrate complex. The reaction mixture is 

15 heated at 37° C for 15 minutes, then cooled in ice for 5 minutes. The incubation with antibody (or its 

fragments) is carried out exactly as described in procedure (a) above using appropriate volume of 
bicarbonate buffer. 

In both cases, the final purification of the antibody-chelate conjugate is achieved by passing the conjugate 
through a Sephadex-G25 or a QAE-coiumn. The purity of the conjugate is usuaily over 97<>/o before 
20 administration to test animals and to humans. 

Preparation of antibody-chelating compound conjugate followed by labeling with 99m Tc and 188 Re: 

Preparation of the conjugate: The antibody conjugation reaction is contained in a final volume of 4 mL: 0.1 
mg (62 umol) of the chelating compound, 1 .1 mg of the monoclonal antibody (IgG, 7.3 X 1Cr" 9 moles), 1-2 mL of 

25 distilled dimethylformamide (if necessary to solubiiize the chelating compound), and 0.05 M of borate of 0.5 M 
bicarbonate buffer at pH 8.5. After stirring for 90 minutes at room temperature, 4.4 mL of 5N sodium chloride is 
added. After an additional 30 minutes, the reaction mixture is centrifuged to remove any particulates and the 
supernatant is fractioned by gel filtration column chromatography. The column eiuant is monitored at 280 nm 
and the fractions containing monomelic antibody conjugate are pooled and concentrated in an Amicon stirred 

30 cell (30,000 molecular weight cutoff). 

(i) Technetium-99m labeling of antibody chelating compound conjugate with ""Tc-tartrate. 

Stannous tartrate kits are prepared from degassed solutions of 0.5 mL disodium tartrate (150 mg/mL) and 
0.1 mL stannous chloride (1.0 mg/mL in ethanol) in an evacuated vial under nitrogen atmosphere. To a 

35 stannous tartrate kit. sodium pertechnetate 0.5 mL (about 15 mCi) is added and heated at 50° C for 10-15 
minutes. After cooling to room temperature, quality control for ""Tc tartrate and insoluble ""Tc is carried out 
on Gelman ITLC using methyl ethyl ketone and 0.01 M sodium tartrate pH 7.0 eluants, respectively. ""Tc 
tartrate formation is typically 98-99% with soluble 99m Tc values ranging from 0.1 to 0.2%. 

In an evacuated vial, 100 ui. saline, 200 u.L of sodium phosphate (0.2 M, pH 8.0) and 200 ui. of 

40 antibody-chelating compound conjugate (1.9 mg/mL) are added successively. Immediately after adding the 
conjugate, 250 uL of ^"Tc tartrate (about 3 to 5 mCi) is added and heated at 37° C for 1 hour. Percent 
technetium bound to protein and the formation of pertechnetate are determined by ITLC using 50% 
MeOH:10% ammonium acetate (1:1) and 1-butanol eluants, respectively. 

45 (ii) Rhenium-188 labeling of antibody-chelating compound conjugate with Re-citrate. 

The 188 Re chelate is prepared in a similar procedure. Sodium perrhenate (3 mL, 15 mCi, produced from a 
i88yy/i88R e generator) is added to a vial containing a lyophilized mixture comprising citric acid, 75 mg; 
stannous chloride, 0.75 mg; gentisic acid, 0,25 mg; and lactose, 100 mg. The vial is agitated gently to mix the 
contents, then incubated at room temperature for 10 minutes to form a 188 Re-citrate complex. The reaction 
50 mixture is heated at 75° C for 15 minutes, then cooled in ice for 5 minutes to prepare the Re-citrate complex for 
labeling of the conjugate. 

Labeling of the conjugate is carried out in a similar procedure described for Tc in (i). 



EXAMPLE VI 



Diagnostic and Therapeutic Kits 

60 

(A) Diagnostic Kit. 
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(i) Pre-Formed Approach 

A diagnostic kit containing reagents for preparation of a "Tc-radiolabeled protein conjugate is used as 
follows. The procedures are conducted under conditions that ensure the sterility of the product (e g sterile 
vials and sterilized reagents are used where possible, and reagents are transferred using sterile syrinqes) 
Proper shielding was used once the radioisotope is introduced. 

One mL of sterile water for injection is added to a sterile vial containing a stannous gluconate complex (50 
mg sodium gluconate and 1.2 mg stannous chloride dihydrate, available from Merck Frosst, Canada in dry 
solid form) and the vial is gently agitated until the contents are dissolved. A sterile insulin syringe is used to 

lo 75 mL 7^1M mClT^^X" 9 luconate solu « on ™° ™ empty ^rile vial. Sodium pertechnetate 
f 5 ^ 75 :^°° mC '- fr° m a "Mo/99Tc generator available from DuPont, Mediphysics. Mallinckrodt. or E R 
Squibb) is added, and the vial is agitated gently to mix the contents, then incubated at room temperature for 1 6 
minutes to form a "Tc-gluconate complex. 

In an alternative procedure for providing the "-"Tc-gluconate exchange complex, the kit includes a vial 
containing a lyophilized preparation comprising 5 mg sodium gluconate, 0.12 mg stannous chloride dihydrate 
about 0.1 mg gentisic acid as a stabilizer compound, and about 20 mg lactose as a filler compound The 
amount of gentisic acid may vary, with the stabilizing effect generally increasing up to about 0 l" mq 
Interference with the desired reactions may occur when about 0.2 mg or more gentisic acid is added The 
amount of lactose also may vary, with amounts between 20 and 100 mg, for example, being effective in aidinq 
lyophilization Addmon of stabilizer and a filler compound is especially important when the vial contains ttiese 
relativelysmall amounts of sodium gluconate and stannous chloride (compared to the alternative embodiment 
above). One mL of sodium pertechnetate (about 100 mCi) is added directly to the lyophilized preparation The 
vial is agitated gently to mix the contents, then incubated as described above to form the "Tc-qluconate 
complex. 

A separate vial containing 0.3 mg of a chelating compound of the present invention to dry solid form is 
prepated by dispensing a solution of 0.3 mg chelating agent in i-propanoi into the vial, then removing the 
sofcent under N 2 gas, and the resulting vial containing the chelating compound is provided in the kit To this 
vial is then added 0.87 mL of 100o/ 0 i-propanol, and the vial is gently shaken for about 2 minutes to completely 
dissolve the chelating agent. Next, 0.58 mL of this solution of the chelating agent is transferred to a vial 
containing 0.16 mL of glacial acetic acid/0.2 N HCI (2:14). and the vial is gently agitated. Of this acidified 
solution, 0.5 mL is transferred to the vial containing the "Tc-gluconate complex, described above After 
gentle agitation to mix, the vial is incubated in a 37°C water bath for 15 minutes, then immediately transferred 
to a 0 C ice bath for 2 minutes. 

To a separate vial containing 10 mg of the Fab fragment of a monoclonal antibody in 0 5 mL of 
phosphate-buffered saline is added 0.37 mL of 1.0 M sodium bicarbonate buffer, pH 10.0. The Fab fragment is 
generated by treating the monoclonal antibody with papain according to conventional techniques The vial is 
then gently agitated. 

The vial containing the acidified solution of the "To-labeled chelate (see above) is removed from the ice 
bath, 0 1 mL of the sodium bicarbonate buffer is added, and the vial is agitated to mix. Immediately, the 
buffered antibody solution (above) is added, gently agitated to mix, and incubated at room temperature for 20 
minutes to allow conjugation of the radiolabeled chelate to the antibody. 

A column containing an anion exchanger, either DEAE-Sephadex or QAE-Sephadex, is used to purify the 
conjugate. The column is prepared under aseptic conditions as follows. Five 1 mL QAE-Sephadex columns are 
connected end-to-end to form a single column. Alternatively, a single 5 mL QAE-Sephadex column may be 
used. The column is washed with 5 mL of 37 mM sodium phosphate buffer, pH 6.8. A 1.2^ filter (available from 
MHIipore) is attached to the column, and a 0.2p. filter is attached to the 1.2u filter. A 22-gauge sterile 
nonpyrogenic needle is "attached to the 02u. filter. 

The reaction mixture is drawn up into a 3 mL or 5 mL syringe, and any air bubbles are removed from the 
solution. After removal of the needle, the syringe is connected to the QAE-Sephadex column on the end 
opposite the filters. The needle cap is removed from the 22-gauge needle attached to the filter end of the 
column, and the needle tip Is inserted into a sterile, nonpyrogenic test tube. Slowly over 2 minutes, the reaction 
mixture is injected into the column. The eluant collected in the test tube is discarded. The now empty syringe 
on top of the column is replaced with a 5 mL syringe containing 5 mL of 75 mM (0.450/ 0 ) sodium chloride 
solution (from which air bubbles had been removed). The needle at the other end of the column is inserted 
aseptically into a sterile, nonpyrogenic 10 mL serum vial. Slowly over 2 minutes, the NaCI solution is injected 
into the column, and the eluant is collected in the serum vial. 

The total radioactivity in the serum vial is measured using a dose calibrator. The yield of the radiolabeled 
antibody is normally in the 6O0/0 range. The contents of the serum vial are drawn up into a sterile pyrogen-free 
30cc synnge and diluted to a total volume of 30 mL with sterile 0.9% NaCI for injection into a human patient A 
chro'matogra r phy teSt n0rma " y P erformed on a 0.01 mL aliquot before injection by instant thin layer 

this ^-h? 0 * 6 ™^' P <" n ' ty - iS ,' eSS - hen 85 ° /0 - the material should not be in J ected into a htjman P^ient- Using 
ttvs procedure, radiochemical purities generally range from about 900/ 0 to 99<V 0 . The total amount of 

pltient ,S meaSured prior t0 in jection. ^ general, from 10 to 30 mCi will be administered to a human 

Prior to administering the radiolabeled Fab fragment (the diagnostic radiolabeled antibody fragment), an 
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irrelevant antibody and an unlabeled specific antibody may be administered to the patient to improve the 
diagnostic images, as described above.The irrelevant antibody and the unlabeled spec.f.c antibody, are 

provided in the kit in separate vials. . „»«„,.♦ k„ 

The entire 30 mL sample containing the radiolabeled antibody fragment .s administered to a parent by 
intravenous infusion. The infusion is completed in from about 5 minutes to about 15 minutes. The antibody 
fragment concentration in the sample is 0.33 mg/mL. 

'"s^anno^ prepared from degassed solutions of 0.5 mL disodium tartrate (150 mg/mL) and 

0.1 mL stannous chloride (1.0 mg/mL in ethanol) in an evacuated vial under nitrogen atmosphere ^ To a 
stannous tartrate kit. sodium pertechnetate 0.5 mL (about 15 mCi) is added and heated at 50 Cfor 10-15 
minutes. After cooling to room temperature, quality control for ^Tc-tartrate and insoluble ""To .s earned out 
on Gelman ITLC using methyl ethyl ketone and 0.01 M sodium tartrate pH 7.0 eluants respect.veiy. 
9*"Tc-tartrate formation is typically 98-99<>/o, with soluble "To values ranging , from 0.1 to 02°/o 

In an evacuated vial, 100 uL saline. 200 |iL of sodium phosphate (0.2 M, pH I 8.0). and 200 nL of 
antibody-chelating compound conjugate (1.9 mg/mL) are added successively. Immediately after adding the 
conjugate, 250 uL of "To- tartrate (about 3 to 5 mCi is added and heated at 37°C for 1 hour. Percent 
technetium bound to protein and the formation of pertechnetate are determined by ITLC using 500/o 
MeOH:100/o ammonium acetate (1:1) and 1-butanol eluants, respectively). 

(B) Therapeutic kit 

f 'Vh?"i8°Re e chSateT prepared in a similar procedure. Sodium perrhenate (3 mL, 15 mCi, produced from a 
i8Bw/i88Re generator) is added to a vial containing a lyophilized mixture comprising citnc acid, 75 mg; 
stannous chloride. 0.75 mg; gentisic acid. 0.25 mg; and lactose. 100 mg. The vial is agitated gently to ^rnixthe 
contents, then incubated at 75°C for 15 minutes and cooled to room temperature to form ] aB ^^ 
complex. To a separate vial containing the 0.50 mg of the chelating agent. 0.50 mL of i-propanol is added and 
the vial is agitated for 2 minutes to completely dissolve the compound. Then 0.3 mL of this solution is 
transferred to the vial containing the Re-citrate complex and incubated at room temperature for about 1 hour 
to produce the desired 188 Re-chelate. 

A column containing a C 18 reversed phase low-pressure material (Baker Cie cartridges) is used to pun* the 
isSRe-labeled chelate. After conditioning of the cartridge with ethanol and water, the sample is loaded and 
washed with three times 2 mL of water and three times 2 mL of 20<Vb ethanol/0.01 M phosphate buffer. The 
column is then dried in vacuo and eluted with two times 1.0 mL acetonrtrile onllltIon of the 

The chelate is then conjugated to a Fab fragment of a monoclonal antibody. A buffered solution of the 
amtoody fragment (5 mg/mL. 0.5 mL) is added to the purified iaa Re . labe , e d chelate fo ^'^ed by °.5 mL of 0.5 
M carbonate/bicarbonate buffer pH 9.50. The reaction is kept at room temperature for 15 minutes, then 25 mg 
of L-lysine 0.1 mL, is added, and the reaction is pursued at room temperature for 15 minutes more. 

A column containing Sephadex-G25 materia, is used to purify the "^t^nl ^^ 
reaction mixture is loaded on top of the column, and 1.2 mL aliquots are collected usmg I PBS buffe £ els 
reaction vial and elute the i«Re conjugate in the third and fourth fractions. The purity of the 188Re f °"J u 9 a * e ^ 
usually greater than 97o/o. The conjugate is then further diluted with PBS. and rad.oacfrv.ty is measured pnor to 
injection into the test animals and human subjects. 

m Soltn°pT*ena£7mU 15 mCi, produced from a iae W /-«a 8R e generator) is added to a vial I conning a 
lyophilized mixture comprising citric acid, 75 mg; stannous chloride 0.75 mg; gentisic acid 025 mg and 
lactose. 100 mg. The vial is agitated gently to mix the contents, then incubated at room temperature for 10 
minutes to form a iaa R e-citrate complex. The reaction mixture is heated at 75° C for 15 minutes, then cooled in 
ice for 5 minutes to prepare the Re-citrate complex ready for labeling of the conjugate. 

Labeling of the ligand-antibody conjugate is carried out in a procedure similar to procedure A(n). 

EXAMPLE VII 



Imaging of tumors in humans 

Antibody fragments radiolabeled with ""Tc according to the method of the invention are injected into 
human patients to detect tumor sites (melanoma, lung, colon, etc. depending on the antibody used) within the 
body. The antibody fragments used are F(ab)') 2 . Fab', or Fab fragments of a monoclonal antibody specific for 
an antigen of the particular target tumor. The fragments were generated by standard techniques (i.e., pepsin 
treatment of the monoclonal antibody to generate the F(ab') 2 fragment, papain treatment of the monoclonal 
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the Fab' fragment tS *" ^ fraSment ' * 39ent SUCn as ^hiothreitol to generate 

E^^v^^^^^fT^T^^^^^ prepared ^ the Procedures described in 
tx/\Mr LE V above. The radiolabeled antibody fragments are nurffied and a m rail*., . * 1 

as described in EXAMPLE VI(A)(i). Approximately 40 minutes tolS^mi ^ f ! P erformed - 

radiolabeied antibody, each patient receives 41 toS^^^^SSS^^^ Tf? 

tSSTS h M 5 TT tmy C,eared bUtthe rad ' on ^"de is still at an imageable E^SSS^S 
total injected dose of radioactivity (in cpm) that has localized in each of the various tissue tKes samntes S« 
calculated. The ratio of the radioactivity found in tumor sites to the radioactivity found"n otheS^ ^ 
tissue are also calculated. The value for "percent injected dose per mg" for the tumor »JZT, f n 25 . 

from IS 22? ^ V r/° r "T*" 1 ' njeCted d ° Se Per each nomum^rCte S25 

from the patient to gi ve the tumor/tissue ratio for each non-tumor tissue sample. .extracted 
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Biodlstribution Studies 30 

USES b ^!° n StUd,eS in MiCe f0r ""Tc-tabefed ™<* 1B8 Re-labeled Monoclonal Antibody Fraaments 
Antibody fragments radiolabeled with "Tc or ™e Re are iniected ^ • , 

biodistribution of the radionuclide metal-chelate-proteln connate te tn^^ ^^f.?-' 

according to the method of Hwang, et a!.. Cancer Res Z-SsSSss 119851 S J1*Z t after injection 55 

NR 9 SSl) 0f Th 0 e n H 1 ^ ^^^^^ ^S^SSS^ 
r ?** IS !°" eCted termS ° f the P erce ntage of the injected radioactivity per gram of each 
tumo! In t r° r/ " S5Ue rati ° 0f fnjected ^activity. The tissue types are as Sows S 

Claims 

a rf!n£w°t~ ^T? C6 Tu Pri u in9 afirSt Site adapted to com P'ex with a radionuclide metal and a second site ^ 

2. A compound as claimed in Claim 1, wherein the radionuclide metal is transferred to the second sit* 
by incubation of the compound afterthe complex has formed iransrerred to the second site 

37° Cor below^ ^ daimed C ' aim 1 ° r 2 WherSin the com P° und is incubated at a temperature of about 

rh«l°r POU - d 33 C '! imed in *"* ° f Claims 1 to 3 wtwrein the first site comprises two or more atoms 

5 A compound as claimed in any of Claims 1 to 4 wherein the second site comprises a heteroatom 

tZ£ ! 9 . a \ K eas ! four donor atoms chosen from su,phur - Hnwn.^S^^tSS 

theTheSe 6 ^ ° f Said dorl ° r atoms and the redionuc.ideLtk.To fZ «, 

6. A compound as claimed in any of Claims 1 to 5 having the genera, formula: 
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wherein: 

1 ) a) T represents a sulphur-protecting group; 
b) Ro represents S-T, or a carboxylic oxygen or 




c) each of the R groups designated Ri through Rn independently represent COOH, R14, Ris-Z, or 
any two of the R groups, when bonded to the same carbon atom, may be taken together to form an 
oxo group, with the provisos that: 

i) R 7 and Rs taken together, and R 9 and R10 taken together, are not both simultaneously oxo; 

ii) R 2 and R 3 taken together, and R 4 and Rs taken together, are not both simultaneously oxo; 
Hi) R 4 , Rs, R9 and R10 may all be taken together to form a hydrocarbon ring; 

iv) R 6 represents a hydrogen atom when either R 2 and R3 or R4 and R 5 represent an oxo group; 

v) R11 represents a hydrogen atom when either R 7 and Re or R9 and R10 represent an oxo group; 

vi) each of R7, Re, R9 and R10 independently represent a hydrogen atom when R1 1 is R15-Z or Rie; 

vii) each of R 2 , R3. R4 and R 5 independently represent a hydrogen atom when Re is R15-Z or R i6 ; 

viii) R 6 and Rn cannot both be COOH; 

d) each of R12 and R13 either (1 ) independently represents R14 or R15-Z when Ro is either S-T or 



or (2) when taken together to form an oxo group when Ro is either carboxylic oxygen or 




with the proviso that when R12 and R13 are oxo and Ro is 
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and one of these two Ri groups is Ri 6 ~2 or Ri 6> the other Rt group represents a hydrogen atom ; 

e) R14 represents a hydrogen atom, lower alkyl group, or Ri 6 ; 

f) n is 0 or 1 provided that n equals 1 not more than once; 

g) R15 is a divalent spacer which is a substituted or unsubstituted lower alkyl group which may 
additionally comprise one or more of the groups -0- -NH-, -NR-, -CO-, -C0 2 -, -C0NH-, -S-'-SO-, -S0 2 - 
-CO2NH-, and S02NR-, where R represents a C1-C3 alkyl group; 

h) Z is a functional group suitable for reacting with a protein, protein fragment, or polypeptide 
under conditions that preserve biological activity of the protein, protein fragment, or polypeptide ; 

2) the compound comprises at least one substituent R15-Z; and 

3) at least one of the groups Ri to R14 is a substituent R i6 having the general formula: 



~ Wp-Q 



wherein: 

a) one or more R17 groups are bonded to any carbon or nitrogen atom on the compound and 
represent a hydrogen atom, lower alkyl group, or Ri 5-Z; 

b) X represents a radical which is a fully substituted carbon, nitrogen, oxygen, sp* or sp carbon or 
amide or imide nitrogen; 

c) p is an integer 2, 3, 4, 5 or 6 provided that: 

i) when p is 2 or 3, X represents a fully substituted carbon ; 

it) when p is 4, X represents a fully substituted carbon, nitrogen, or oxygen, further provided that at 
least three radicals X each represent a fully substituted carbon; 

iii) when p is 5 or 6, at least three radicals X each represent a fully substituted carbon atom and 
further provided that only one radical X may be an sp* or sp carbon, amide or imide nitrogen atom; 
and 

d) Q represents the first site. 

7. A proteinaceous complex comprising a compound as claimed in any of Claims 1 to 6 bound to a 
protein. 

8. A compound comprising a first site adapted to complex with a radionuclide metal and a second site 
adapted to chelate with the radionuclide metal, wherein the complex has a faster rate of formation and a 
lower thermodynamic stability than the chelate, such that when the radionuclide metal is attached to the 
compound, the complex at the first site is formed first before subsequent transfer of the radionuclide 
metal to the second site to form the chelate, for use in medicine. 

^ 9. A compound as claimed in claim 8 wherein the radionuclide metal is capable of being transferred to 
the second site by incubation of the compound at about 37° C or below. 

10. A pharmaceutical composition comprising a compound and a pharmaceutical^ acceptable carrier 
the compound comprising a first site adapted to complex with a radionuclide metal and a second site 
adapted to chelate with the radionuclide metal, wherein the complex has a faster rate of formation and a 
lower thermodynamic stability than the chelate, such that when the radionuclide metal is attached to the 
compound, the complex at the first site is formed first before subsequent transfer of the radionuclide 
metal to the second site to form the chelate. 

1 1. A composition as claimed in Claim 10 wherein the radionuclide metal is capable of being transferred 
to the second site by incubation of the compound at about 37° C or below. 

12. A process for the preparation of a proteinaceous complex, the method comprising: 

a) reacting a compound as claimed in any one of claims 1 to 6 with a radionuclide metal to form a 
complex of the radionuclide metal at the first site ; 

b) incubating the complex to promote the transfer of the radionuclide metal to the second site 
thereby forming a chelate; and 

c) either before (a) or after (b), reacting the compound with a protein. 
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Claims for the following Contracting States: ES, GR 

1. The use of a compound comprising a first site adapted to complex with a radionuclide metal and a 
second site adapted to chelate with the radionuclide metal, wherein the complex has a faster rate of 
formation and a lower thermodynamic stability than the chelate, such that when the radionuclide metal is 
attached to the compound, the complex at the first site is formed first before subsequent transfer of the 
radionuclide metal to the second site to form the chelate, in the preparation of a diagnostic or therapeutic 
agent. 

2. The use compound as claimed in Claim 1 wherein the radionuclide metal is transferred to the second 
site by incubation of the compound after the complex has formed at a temperature of about 37° C or 
below. 

3. The use compound as claimed in Claim 1 or 2 wherein the first site comprises two or more atoms 
chosen from oxygen, nitrogen, and phosphorous in the form of an oxide, wherein the atoms interact with 
the radionuclide metal to form the complex. 

4. The use as claimed in any of Claims 1 to 3 wherein the compound has the general formula: 




wherein: 

1) a) T represents a sulphur-protecting group: 
b} Ro represents S-T, or a carboxylic oxygen or 




c) each of the R groups designated Ri through Rn independently represent COOH, R14, R-is-Z, 
any two of the R groups, when bonded to the same carbon atom, may be taken together to form 
oxo group, with the provisos that : 

i) R/ and Ra taken together, and R 9 and R i0 taken together, are not both simultaneously oxo; 

ii) R 2 and R3 taken together, and R4 and Rs taken together, are not both simultaneously oxo; 

iii) R4, Rs, Rg and R10 may all be taken together to form a hydrocarbon ring; 

iv) R 6 represents a hydrogen atom when either R 2 and R3 or R 4 and Rs represent an oxo group ; 

v) R1 1 represents a hydrogen atom when either R7 and Ra or R9 and R10 represent an oxo group; 

vi) each of R7, Ra, R9 and R10 



when R11 is Ris^Zor Rie: 

vii) each of R2, R3, R4 and R5 independently represent a hydrogen atom when R6 is R15-Z or Rie; 

viii) Re and R1 1 cannot both be COOH; _ 

d) each of R12 and R13 either (1) independently r presents R14 or R15-Z when Ro is either S-T or 
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or (2) when taken together to form an oxo group when R 0 is either carboxylic oxygen or 
1 



R 



with the proviso that when R 1 2 and R 1 3 are oxo and Ro is 
'Ri 



< 1 • 



N 



and one of these two R, groups is R 1S ^Z or Ri,, the other R, group represents a hydrogen atom- 

e) Ri4 represents a hydrogen atom, lower alkyl group, or Ris- 

f) n is 0 or 1 provided that n equals 1 not more than once- 

^hh 815 ,! 3 3 diVa ' ent SpaCer WhiGh is a substrtute °" or unsubstituted lower alkyl group, which may 
add,t.onally comprise one or more of the groups -0-, -NH-, -NR-, -CO-, -C0 2 -. -C0NH-, -S- -SO- -S0^ 
-CO2NH-, and S0 2 NR-, where R represents a C1-C3 alkyl group- 

u^JJLn^Zf^ 9r ° UP S u-^' e . f °. r reaCting With a prot ' ein - P rotein fragment, or polypeptide 
under conditions that preserve biological activity of the protein, protein fragment, or polypepMde 

2) the compound comprises at least one substituentRi S -Z- and 'ypepuae, 

3) at least one of the groups Ri to R 14 is a substituent Ri 6 having the general formula: 



^17 ^17 

— (X) P -Q 



wherein: 

rJ!JtT+\ m Z re Rl \ grou p s m bonded t0 an V carbon or nitrogen atom on the compound and 
represent a hydrogen atom, lower alkyl group, or Ri 5 -Z' 

m^SSSSgS? Wh ' Ch ,S 3 ™ V SUtStitUted «= arb ° n - nftr ° 9en - *r* or sp carbon, or 

c) p is an integer 2, 3, 4, 5 or 6 provided that: 

i) when p is 2 or 3, X represents a fully substituted carbon • 

ii) when p is 4, X represents a fully substituted carbon, nitrogen, or oxygen, further provided that at 
least three radicals X each represent a fully substituted carbon ■ proviaea tnat at 

SZ-nV^SL 6 : at , ,eaSt thfee radiCa,S X each re P re sent a fully substituted carbon atom and 
further prov,ded that only one radical X may be an sp* or sp carbon, amide or imide nitrogen atom; 

d) Q represents the first site. 

mmn^ "** ? f P^^aoeous complex comprising a protein bound to a compound, the compound 
compnsmg a first site adapted to complex with a radionuclide metal and a second site adapted to^heSe 

^Pto^^^%^2? WhS "J* 16 radionuc,iae metel ^ attached to the compound, the 
complex at the first site is formed before subsequent transfer of the radionuclide metal, in the preparation 
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of a diagnostic of therapeutic agent. ^..^ t„ ^ m ni»v with a 

6. A process for the preparation of a compound compns.ng a first site adapted to complex ^wrth , a 
radionuclide metal and a second site at which a chelate with the radionucl.de metal ,s formed wherein the 

a faster rate of formation and a lower thermodynamic stability than the chelate, such hat 
whTn the radtonuclide metal is attached to the compound, the complex at the first s.te ,s tormed first 
before subsequent transfer of the radionuclide metal to the second site to form the chelate, the process 
comprising complexing the radionuclide metal with the first site. ,. 

7. A process as claimed in claim 6 wherein the radionuclide metal is capable of being transferred to the 
second site by incubation of the compound at about 37° Cor below. 

8 A process for the preparation of a pharmaceutical composition compns.ng admixing a compound 
and a pharmaceutical* acceptable carrier, the compound comprising a first site adapted to comple> wrfh 
a radionuclide metal and a second site adapted to chelate with the rad.onucl.de meta^ wherein the 
complex has a faster rate of formation and a lower thermodynamic stability than the chelate, such that 
when the radionuclide metal is attached to the compound, the complex at the first site .s formed first 
before subsequent transfer of the radionuclide metal to the second site to form the chelate. 

9. A process as claimed in claim 8, wherein the radionuclide metal is capable of be.ng transferred to the 
second site by incubation of the compound of about 37° Cor below. 

10 A process for the preparation of a conjugate, the process compns.ng attaching a protein to a 
compound comprising afirst site adapted to complex with a radionuclide metal and a second site .adapted 
to chelate with me radionuclide metal, wherein the complex has a faster rate of tormation and a lower 
thermodynamic stability than the chelate, such that when the radionuclide metal is attached to ^ he 
compound, the complex at the first site is formed first before subsequent transfer of the radionuclide 
metal to the second site to form the chelate. 

11. A process as claimed in claim 10, wherein the protein is a monoclonal antibody or fragment thereof. 
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